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PREFACE 


Tuts system of pediatrics is a collection of monographic treatises 
on subjects of interest in the diseases of infancy and childhood. While 
there are many excellent text-books and monographs on the general 
and special subjects of children’s diseases in the English language, the 
information here collected should be of value to the practitioner, stud- 
ent and teacher alike. 

Preparations were made for the publication of these volumes early 
in 1914. Shortly after the authors had been selected and the assign- 
ments distributed, the Great War distracted the attention of the whole 
world from the works of peace, and every one’s interest became 
absorbed in wartime measures. Very little progress with the publica- 
tion was made during those fateful days and when, in 1917, America 
entered the war, the work was completely interrupted. Since the 
close of the war, however, the contributors have rallied to the support 
of the editor and publishers and have given unstintedly of their time 
and labor to bring the publication to successful completion. The 
earlier contributions have been revised and in some instances wholly 
rewritten to bring them up to date. 

As may be observed from the short historical reference to encyclo- 
pedia publications which follows this introductory note, no extensive | 
compilation of pediatric knowledge has been published since the 
appearance of Keating’s “ Encyclopedia on Children” which appeared 
in 1889. During the thirty-three fruitful years which have elapsed 
since the publication of Keating’s epoch-making series of essays 
many changes and advances have occurred in medical knowledge; it 
has seemed timely and fitting, therefore, that a renewed attempt should - 
be made to collect in monographic form the material which represents 
the fundamental knowledge of pediatrics. This I have attempted to 
do, and whatever labor it has cost, I feel I have been rewarded in the 
encouragement and codperation of the distinguished workers who 
have assisted in making these volumes possible. Such a collection of 
essays should be of value not only because of the known facts which are 
presented but also because it will serve to indicate gaps in our knowl- 
edge and I have felt a satisfaction in the thought that the volumes 
would stimulate clinical and research work, especially by the younger 
men of English-speaking countries. 

In addition to the discussion of the internal diseases of children, 
subjects of surgical interest have been introduced, because after all a 
child who is sick may require medical or surgical treatment or both, 
and a well-trained physician not only desires but is compelled to know 
when surgical treatment is indicated and the manner of its application. 
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The medical attendant may not himself be a trained surgical techni- 
cian but it is important that he should recognize surgical conditions 
and seek surgical advice when it is required. Surgery of childhood: 
differs somewhat from that of adults, since conditions arise in infants 
and young children which do not occur or which are rare in later life, 
and there are points of difference in surgical anatomy, surgical pathol- 
ogy, and surgical technic, as well as in surgical diagnosis, which are 
emphasized by the contributors to these books. 

During the years which have passed since our work was begun, 
Drs. Mortimer Frank, Robert Krost and J. Louis Schwartz have been 
called by death before the completion of their contributions. Dr. 
Stanton Friedberg died shortly after he had contributed his manu- 
script on ‘‘ Bronchoscopy and Esophagoscopy.” 

It was originally intended to include a number of chapters on 
orthopedic surgery but this has been undertaken under separate 
editorial management and it is proposed to publish these papers in a 
separate volume. 

Finally I would express a deep sense of obligation and appreciation 
to the writers who have contributed these monographs. Those of 
us who know the arduous labors of the average medical man of today 
know best how much self-sacrifice and toil are entailed in the prepara- 
tion of these papers. I desire to thank Messrs. W. B. Saunders and 
Company, the publishers, for their great helpfulness in every detail 
and their kindly spirit. I desire to make special mention for helpful 
suggestions received from Drs. Fielding H. Garrison, John Howland 
and Morris Fishbein. I am also indebted to Dr. William J. Corcoran 
who has rendered valuable aid in arranging the manuscript and in the 
reading of proof; and to Drs. Johanna Heumann, I. H. Tumpeer and 
Alice Williams who have assisted in various ways. 

Isaac A. ABT. 


Curicago, Inu. 
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ENCYCLOPEDIAS WHICH REFER TO THE DISEASES OF 
CHILDREN. AN INTRODUCTORY ESSAY 


By Isaac A. Ast, M.D., 


Cuicago, Inu. 


Although the name encyclopedia was not applied until the 16th 
century it is recalled that composite books containing all the knowledge 
of the period were published as early as that of Hwang-ti (2698-2599 
B.C.) This Chinese Emperor and philosopher promulgated, in a 
system of internal medicine, a peculiar doctrine which gave personality 
to the intimate relations of the human organs. Of the Egyptian papyri, 
that of Ebers, about 1553 B.C., is most complete in its recipes and 
directions for the treatment of various diseases, and that of Smith, 
about 3000 B.C., recently translated, is most important for its age 
and for its rationality. It is hardly necessary to describe completely 
these works of which so much has been written; and this is also true 
of the medicine of the Bible and the Talmud. These extensive 
compilations of religious thought with rules for hygienic conduct are 
especially noteworthy in the attention paid to the care of the mother 
and the hygiene of the newborn. 


ORIENTAL MEDICINE 


Ethnologists know that with the development of every race and 
nation medicine and the healing art assume a conspicuous place in 
the life of the community. It is not surprising to find that even among 
the writings of the ancient Indians, such as the Veda and other sacred 
books, portions by the two physicians, Charaka and Susruta, 1000 
B.C., had an important place. The frequent application of cold water, 
a rational hydrotherapy, and fantastic charms, incantations and 
extraordinary superstitions associated, for example, with the color of 
drugs, mark the medical literature of this epoch. 


” 


GREEK AND ROMAN MEDICINE 


The Hippocratic collection of writings, as pointed out by Neuburger 
comprises an intersection of all previous tendencies in medicine, united 
as an interwoven thread, stretching backward into antiquity and for- 
ward to the present day. Whether the work of Hippocrates, a single 
genius, or the motley heterogeneous output of generations, this notable 
collection must be considered as representing the inspiration of a 


master, 
1 


ii. ENCYCLOPEDIAS WHICH REFER TO THE DISEASES OF CHILDREN 


Following the Hippocratic writings by some 300 years are the works 
of Celsus and the collections of Pliny, the former basing his writings on 
the collection of Hippocrates and including also the medicine of the 
Semitic peoples, the latter presenting more or less loosely combined 
facts. In Pliny’s writings the original references to scurvy, superfe- 
tation and atavism are especially noteworthy for the disturbances of 
infancy. Equally interesting, moreover are the satirical shafts of 
wit aimed at the physician which also characterize the writings of other 
philosuphers of the period. 

Soranus of Ephesus, 100 A.D., was a prolific writer. Of his numer- 
ous manuscripts those on the care of the newborn, the nutrition of the 
infant, the selection of the wet nurse, and on gynecology and obstetrics 
are of importance as references to the early literature on pediatrics. 
In fact, Sudhoff has said of him, ‘‘ What Celsus’ work signified for medi- 
cine and surgery, this work of Soranus signified for gynecology, 
obstetrics and pediatrics in the ancient literature.” ; 

The outstanding treatises of the medicine of the middle ages are 
based on the important works of Galen who commenced practice in 
Rome about 164 A.D. His compilations were extensive and his 
therapeutics notable for their dogmatism. While the names Celsus 
and Galen may be familiar, Oribasius, Paul of #gina, and Attius of 
Amida are not so well known, although each is credited with a great 
encyclopedia of the medical knowledge of his day. Oribasius was one 
of the last of the Alexandrian school. His larger work was too bulky for 
general use, so he wrote a summary or synopsis which was said to have 
been for the use of his son. This synopsis continued for a long time 
to be the source for medicalinformation for physicians of the Byzantine 
and Middle Ages. It has been thought that by writing the synopsis 
he distracted attention from the ampler work. The writings of Oriba- 
sius, Paul of Aigina and Aitius have been made the subject of an 
essay on plagiarism by Sir Clifford Allbutt, and yet the ability to 
choose with judgment is in itself a fine art. 


ARABIAN MEDICINE 


In the Fitzgerald lectures recently delivered by Sir William Browne, 
an erudite and beautiful exposition of Arabian medicine, mention is 
made of a work of medicine and natural philosophy written about 850 - 
B.C., to which Ali-ibn-Ribban, the author, gave the modest title 
“Paradise of Wisdom.’’ The fame of the Arabian scientist rests not 
so much on this work, however, as on the fact that he was one of the 
teachers of the great physician Rhazes. The latter, most important 
among Moslem physicians, wrote an extensive treatise, particularly 
noteworthy for its citation of case histories, which is a classic in early 
Arabian medicine. In Persia 100 years later appeared the prince of 
physicians, Avicenna. He has been well called the Galen of the Arabs 
for he was a voluminous writer of a systematic type of mind. The 
Canon of Avicenna became the most important text in the Moslem 


SCHOOL OF SALERNO lil 


world and superseded the works of Rhazes and other earlier writers. 
From the twelfth to the seventeenth centuries it continued to be the 
guide of medical students in European universities and Avicenna 
became more famous than Rhazes. Up to about 1650 the Canon was 
still used as a text-book in the universities of Louvain and Montpellier. 


SCHOOL OF SALERNO 


During the Middle Ages, from the sixth century onward, all medical 
activities were gradually circumscribed by the church, especially by 
the monks who were well educated and who were able to read not only 
their own but also foreign languages. The two chief literary works 
of the school of Salerno, which dominated medicine during the next 
half century, are the ‘‘ Compendium Salernitatum” and the ‘‘ Regimen 
Sanitas.”” The “Compendium” is the first example of a complete 
text-book of medicine and surgery in which many experts work under 
the direction of a single editor. Many subjects were considered 
including venesection, the pulse, the urine and fever all of which were 
on Hippocratic principles. The ‘‘ Regimen Sanitas” was a medical 
poem. Verse-making in medicine became a genuine medieval fashion 
among Christian writers of this period. The object often was to facili- 
tate committing the subject to memory. The ‘Regimen Sanitas”’ 
was undoubtedly a composite work, various editions being made from 
time to time. 

Up to the 16th century, therefore, while the actual knowledge of 
medicine as a science developed but little there were gradually being 
accumulated a vast amount of empirical observations and data and 
attempts to interpret natural phenomena and the causes and nature 
of human diseases in terms which would convey such knowledge to 
future generations. Knowing nothing of the circulation of the blood, 
the physician was compelled to account in a vague and indefinite 
manner for the phenomena related to the circulation. The limitation 
placed on the acquiring of the fundamental knowledge of anatomy, 
physiology, and other basic sciences permitted only limited observa- 
tions and stimulated speculative philosophy. 

Each encyclopedist of this early period borrowed liberally from 
his predecessors and added thereto the small amount of observation 
and a larger amount of original philosophy which represented his own 
contribution. Even the men of genius plundered largely. Among 
the summists and copyists of Byzantium such natural masters as 
Soranus and Galen plundered largely, literally and anonymously. 
The Arabs transcribed the Greeks, the Greeks the Latins, and the 
Latins each other. Allbutt suggests that Celsus may have named his 
sources so generously because he was a layman. Pliny helped him- 
self lavishly to Dioscorides but makes no acknowledgments to him. 

With the natural intermingling of nations resulting from com- 
merce and warfare the writings of physicians of one nation were 
liberally transferred into the literature of other nations. Medical 
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plagiarism is not an innovation of modern times. Perhaps the word 
“plagiarism” is harsh, for after all no man can in his own life time 
accumulate sufficient experience to write a complete exposition of 
even a single group of diseases. It is the mark of rationality and 
progress to benefit by the experiences of the past. 


THE SIXTEENTH CENTURY 


Collective writings in the modern sense did not appear until about 
the sixteenth century, when a huge “gynecia”’ or encyclopedia of 
gynecology was issued by Caspar Wolf (1532-1601) of Zurich, in 1566. 
This was later enlarged by Caspar Bauhin (1550-1624) of Basel, in 
1586. These two compilations of the best that has been written on 
the subject were afterward reprinted in one volume by Israel Spach, 
of Strassburg, in 1597. Encyclopedic treatises on medicine by many 
authors, not unlike the works written on the cooperative plan in our 
own time, were a special feature of the medicine of the Renaissance 
and of these we may mention, in addition to the Basel encyclopedias 
of gynecology, the Aldine ‘Medici Antiqui Omnes” (1547), the 
‘“Medice Artis Principes”’ of Stephanus (1567), the Venetian anthol- 
ogy of mineral waters, ‘‘De Balneis”’ (1553), the Gesner collection of 
surgical treatises (Zurich, 1555) and the medical dictionaries of 
Symphorien Champier (1506), Lorenz Phryesen (1519), Henri Esti- 
enne or Stephanus (1564) and Jean de Gorris or Gorrzeus (1564). 
With these may be classed the concordance of expressions from 
Erotian by Eustachius (1566), the ‘‘Varie Lectiones” (1571) of 
Geronimo Mercuriali and the ‘“‘@Economia Hippocratis,’’ a similar 
exegesis by Anutius Foesius (1588). 


THE SEVENTEENTH CENTURY 


In the seventeenth century various encyclopedic works were 
compiled. In 1677 J. J. Hoffmann published in Basel his “Lexicon 
Universale.”” This was more in the nature of a dictionary, in the 
modern sense, though it gave a summary of the most important 
facts of the arts and sciences as they were understood at that time. 

Among other works of this period were the ‘“ Biblioteca Universale”’ 
of Coronelli. It was to have appeared in thirty-five volumes, though 
only seven were published (Venice, 1701-1706). 

A German encyclopedia, which appeared during this period, was a 
complete collection and was named after one Zedler, the publisher 
who produced the work. It was entitled ‘Grosses vollstandiges 
Universal Lexicon aller Wissenschaften und Kiinste.” 

Other books of this period which were dictionary compilations 
were Hiibner’s ‘ Konversationslexika”’ (1704), and the work of 
Brockhaus (1796-1808), the encyclopedias of Ephraim Chambers 
(1728), Diderot (1751-1752), Voltaire’s, “ Dictionnaire philosophique,”’ 
1784 and the “Encyclopedia Britannica” (1768-1771). 


THE WORK OF TOBIAS Vv 


The “Encyclopedia Britannica,” in three volumes, was completed 
by a society of gentlemen in Scotland in 1771. 

No work of reference has been more useful and successful or more 
frequently copied, imitated and translated, than that known as the 
“‘Konversationslexikon”’ of Brockhaus. It was begun in 1796-1801 
by D. Gotthelf Renatus Lébel. 

Diderot published his ‘Dictionnaire universal de medicine” in 
six volumes in Paris, 1746-1748. This publication was a translation 
of the celebrated ‘‘ Medical Dictionary”’ of Dr. Robert James, inventor 
of fever powders (London, 1743-1745). It consisted of three volumes, 
3257 pages and 98 plates, comprising a history of drugs, chemistry, 
botany and natural history so far as they relate to medicine, and 
contained a historical preface of 99 pages. 


THE WORK OF TOBIAS 


Levinson recently abstracted the work of Tobias which belongs to 
the latter part of the seventeenth and the early part of the eighteenth 
centuries. References are quoted here liberally because they indicate 
the nature of the encyclopedic writings of the period. Tobias was a 
wandering practitioner of medicine who studied in different countries. 
He began his study of medicine at Krakow, continued his course at 
Frankfort, obtained his degree at Padua, practiced in Poland, was 
attending physician to five sultans, wrote his book in Adrianople, 
published it in Venice, held a professorship in Constantinople, and died 
and was buried in Jerusalem. His wanderlust brought him into contact 
with the greatest authorities of his age and enabled him to study the 
diseases of the different countries in their nativity. He was thoroughly 
conversant in nine languages; he knew their daily usage, their litera- 
ture, and their science. 

The close of the sixteenth and the beginning of the seventeenth 
centuries were crowded with events in the field of science in general, and 
of medicine in particular. Not many years before the birth of Tobias 
Lord Bacon promulgated the inductive method of philosophy which 
exerted a profound effect on religious and philosophic thought through- 
out the entire world, and Copernicus announced the view of thesolar 
system that moved the earth from its place. It was in the sixteenth 
century that Vesalius dissected human bodies and thereby put anatomy 
on a scientific basis, and in the early part of the seventeenth century 
Harvey enriched the world with his discovery of the blood circulation. 

During these years Tobias worked indefatigably on a variety. of 
medical problems. The results of his labors were compiled in his most 
representative book, ‘‘Maaseh Tuviah.” The book is encyclopedic 
in nature. It contains thoughts on religion, something of astronomy, 
geology, chemistry, and indeed a little of everything, but the major 
part of its contents is devoted to medicine. Such was the popular way 
of writing in his day, and indeed, books such as his served a very useful 


purpose. They furnished a mirror of the views of the author and of 
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his contemporaries not only on the main subject of the treatise, but on 
every other human project that enlisted the interest of thinking men. 
It would be interesting to follow Tobias through his many by-paths, 
were we not especially concerned with his contributions to medical 
literature. (Levinson, ‘Medical Cyclopedists of the Seventeenth 
Century.” 

se icnodies in the modern sense originated in England. France 
soon followed although her publications were written 1n a more philo- 
sophic spirit. In Germany, during the last century, publications almost 
too numerous to mention have been issued in which treatises on every 
possible subject were collected and treated in detail. These works 
were encyclopedic in that they were compilations of various subjects 
discussed by numerous authors. In 1834 publication of Schmitt’s 
‘‘Jahrbiicher’”’ was commenced and they have continued for many 
years to furnish abstracts and important bibliography. 


SYSTEMS OF MEDICINE 


Among the most important of the general medical systems is that 
of v. Ziemssen. The first volume was published in 1876. In this 
collection the whole field of internal medicine and infectious diseases 
was covered in a masterful way. Many of the monographs emanated 
from the medical leaders of the time, such as Liebermeister, Cursch- 
mann, Oertel, Schrétter, Naunyn, v. Ziemssen, Steiner, Steffen, 
Fraentzel, Jiirgensen, Rindfleisch, Quincke, Zenker, Kussmaul, Erb, 
Senator, Birch-Hirschfeld and a host of others. This system was the 
classical reference book for several decades, and while the material 
advances in clinical medicine, pathology and physiological chemistry 
have rendered these volumes obsolete, nevertheless the clinical obser- 
vations and the descriptions of disease would in many instances be 
valuable as reference for the modern student of medicine. Theauthors 
who contributed to this series were masters in the art of clinical 
medicine. 

The Nothnagel “System,” which is a very large aggregation of 
volumes, covers similar material to that of v. Ziemssen’s, though in a 
more modern period. The monographs are in most instances classical 
contributions and continue to be of value to the present-day student 
and investigator. 

Another system, less voluminous, is that of Ebstein and Schwalbe. 
More recently the “Handbuch der innere Medezin” by Mohr and 
Staehlin has been compiled, and still more recently that of Friedrich 
Kraus and Theodor Brugsch. 

The unique publication by Lubarsch and Ostertag on ‘‘ Ergebnisse 
der allgemeinen Pathologie des Menschen und der Thiere”’ isa collection 
of volumes published annually, reviewing in a most comprehensive 
manner the additions to pathologie knowledge and constituting a 


valuable book of reference. Penzoldt and Stintzing compiled a system 
of therapeutics in 1894. 
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AMERICAN AND ENGLISH SYSTEMS OF MEDICINE 


In America a system of practical medicine was edited in 1885 by 
William Pepper, assisted by Louis Starr, and in 1907 Osler’s “Modern 
Medicine,” by American and foreign authors, was published. ‘The 
latter contained many papers of striking merit and has served as an 
important reference work for students, teachers and practitioners. 
In addition, numerous encyclopedic publications on surgery and other 
branches of medicine have been published in America. 

Allbutt’s “System of Medicine,” an English publication which 
appeared in 1896, contains papers by English and American authors. 
It is one of the most valuable of the modern English encyclopedias. 
The “Twentieth Century Practice of Medicine” was edited by Thomas 
L. Stedman of New York. It consists of 20 volumes and contains 
many interesting and valuable contributions. Among other encyclo- 
pedic books published during the last two decades may be mentioned 
the “‘Reference Handbook of Medical Sciences,” the first edition of 
which appeared in 1885-1893, the third edition in 1913; systems of 
therapeutics edited by Hare in 1891, Solis-Cohen in 1902, Musser 
and Kelly, 1911-1917, and Forchheimer in 1906. Barker’s mono- 
graphs on internal medicine appeared in 1916, and the “ Encyklo- 
padische Jahrbiicher der Gesamten Heilkunde,” edited by A. Eulenburg 
in 1907. 

SYSTEMS OF PEDIATRICS 


In pediatrics the number of extensive compilations is not large. 
About 1773 in Leipzig a collection of interesting treatises was published 
which gave in detail some of the clinical disorders of infancy and 
childhood. This publication consisted, however, of a series of papers 
containing clinical descriptions. In 1811 aseries of essays appeared 
in France entitled, ‘‘La Clinique des Hépitaux des Enfants et Revue 
Retrospective Medico-Chirurgicale et Hygienique; publices sous les 
auspices et par les medicine et chirurgiens des hépitaux consacrees 
and maladies des enfants.” 

Among the outstanding systems are Gerhardt’s “Handbuch der 
Kinderkrankheiten,’’ 1877-1893; John M. Keating’s “Cyclopedia of 
the Diseases of Children,’’ 1889-1890; J. Grancher and J. Comby’s 
“Traite des Maladies des Enfants,’’ 1897; Pfaundler and Schloss- 
mann’s {‘Handbuch der Kinderheilkunde,” 1906; Anderodias and 
Cruchet’s “‘La Pratique des Maladies des Enfants,” 1909. Gerhardt’s 
Handbuch was an epoch-making publication which collected the most 
important information on the subject and for many years stimulated 
study and research. Henning’s contribution in this publication was 
eagerly read by the specialist and consulted by those who desired 
information on the history and development of the pathology of 
childhood. MHenke’s dissertation on the anatomy of childhood has 
long been considered a classic. Vierordt wrote on physiology, con- 
tributing 288 pages of the most carefully assembled facts; this chapter 
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is an important source of physiologic knowledge concerning the child. 
To A. Jacobi was assigned the hygiene of infants and children, and 
the subject was most carefully and thoughtfully treated. C. Binz 
wrote on therapeutics and Pfeiffer on infant mortality. In the same 
volume Pfeiffer wrote on vaccination and A. Baginsky on school 
hygiene. Rauchfuss of St. Petersburg considered hospital buildings, 
hospital administration and equipment, and he also contributed a 
chapter on congenital heart disease. 

It is not necessary to give in detail all of the subjects considered, 
but perhaps one of the most important papers was that of Widerhofer 
and Kundrat on the gastro-intestinal diseases of infancy. Many 
new theories have arisen since that time. New information in chemis- 
try and pathology has been added to this group of disorders, and the 
classification proposed by Widerhofer has been changed time and 
again, but the keen clinical observations, and the carefully expressed 
descriptions have remained as a basis for all subsequent discussion 
of this disease group. The Gerhardt ‘‘Handbuch,” a pioneer in 
‘modern pediatric writings, has been a real force in developing the 
study of pathology in infants and children. 

Keating’s ‘‘Encyclopedia”’ was published in 1889 in four volumes 
and ten years later a supplement appeared. An array of the most 
distinguished pediatric teachers and thinkers in America contributed 
to this work. A. Jacobi wrote the introduction, James Finlayson, of 
Glasgow, made a valuable contribution on diagnosis, Thomas M. 
Rotch, of Boston, wrote the chapter on infant feeding, W. B. Cheadle, 
of London, discussed rheumatism and acute and chronic endocarditis, 
Thomas Barlow described rickets and scurvy, William Osler contri- 
buted the chapter on congenital heart affections, L. Emmett Holt 
discussed diarrheal disorders, acute and chronic, and J. P. Crozer 
Griffith described diseases of the blood and the blood-making appa- 
ratus. The other distinguished men who wrote for this book typify 
the most advanced thought on their special subjects. The volumes 
had an important and stimulating influence on English-speaking 
physicians, and served to call attention to the entire field of 
pediatrics by presenting knowledge in a readily accessible form. The 
work awakened a keen interest in the pathology of childhood: and 
Keating’s treatise was, for many years, the standard reference book 
for the specialist in pediatrics as well as for the general practitioner 
in medicine. 

The Pfaundler and Schlossmann system, published in German, has 
been translated into English. The first volume contains a paper by 
Franz Hamburger, of Vienna, on general pathogenesis and pathology 
of childhood and deals with the general aspects of disease. A very 
interesting and painstaking chapter is that of Professor M. Pfaundler, 
now of Munich, on the symptomatology of children’s diseases. He | 
sets forth in a very elaborate tabular form the symptoms which may 
occur in the various diseases. 


The contributions of G. Bendix on general prophylaxis, H. Neue 
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mann on therapeutics and of Prausnitz on mortality and morbidity 
are worthy of careful study. Following this are valuable papers by 
Raudnitz on milk, two papers by Camerer, one on metabolism and 
nutrition during the first year of life, and another on children’s growth 
in weight and height. The contributors constitute the leading authori- 
ties in Germany and Austria and, while these volumes were published 
sixteen years ago, they still constitute an authoritative reference work. 
Supplementary volumes have been published, one on surgery and 
orthopedics and another on nervous diseases, and one on the eye and 
ear and speech disturbances. 


SPECIAL WORKS OF PEDIATRIC INTEREST 


In 1905 “Die Deutsche Klinik” included a series of essays on 
diseases of children on selected topics. Among many contributors of 
distinction Czerny wrote on the feeding of children, Monti on the most 
frequent infections of the buccal mucous membrane, Soltmann on 
scrofulosis and tuberculosis of children, Escherich on acute digestive 
disturbances of infants, C. Keller on disease of the newborn, and 
Heubner on measles. 

In 1913 appeared the first volume of a book entitled ‘“‘ Handbuch 
der allgemeinen Pathologie und der pathologischen Anatomie des 
Kindesalters,”’ edited by Briining and Schwalbe, both of Rostock; the 
book considers the pathology of infants and children and also dis- 
cusses at considerable length the various malformations. Ina special 
chapter the subject of comparative pathology is treated in which the 
diseases of young animals are compared with those of young children. 
The infectious and parasitic invasion of young animals, as well as the 
malformations and the tumors, are discussed. Nearly every tissue 
and organ is studied in this way by Jostand Koch. Publication of this 
work was interrupted by the war and at present (1922) it is not 
complete. 

A composite volume on “Diseases of the Nervous System” by 
Bruns, Cramer and Ziehen, which appeared in 19138, contains detailed 
descriptions of the various nervous and mental diseases incident to 
infancy and childhood. It is undoubtedly one of the best reference 
books of its kind. 

A very valuable book on the hygiene.of the child was issued by W. 
Kruse and Paul Selter in 1914. This work considers growth and 
development, cause of disease, infantile nutrition, protection against 
heat and cold, and hygiene of the environment. Another chapter deals 
with exercise of the body and mind, hygiene of infancy, school hygiene, 
hygiene of crippled children, training of defective and nervous children 
and a variety of other subjects. The treatise is a valuable collection 
of monographs for those who are especially interested in the hygiene 
and diseases of infancy and childhood. 

The “American Text-book of Diseases of Children” published in 
1898 under the editorial management of Louis Starr of Philadelphia, 
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contains valuable contributions by American authors of note. H. 
Dwight Chapin wrote the chapter on hereditary syphilis. There are 
excellent chapters on infectious and digestive diseases. Victor 
Vaughan, in a notable contribution on the diarrheal diseases, was 
undoubtedly one of the earliest writers who considered that the gastro- 
intestinal diseases of infancy may be caused by food disturbances. 
The late Sir William Osler wrote the chapter on tuberculosis in infancy, 
and his paper was one of the best on the subject accessible to English 
readers at that time. The chapters on nervous diseases in children 
were carefully considered, notably the papers of Frederick Peterson, 
Charles K. Mills, Allan Starr and other distinguished authors. 

A composite book entitled the “‘ Practice of Pediatrics,” edited by 
Walter Lester Carr, was published in 1906. It contains many impor- 
tant contributions and in addition to the American authors, papers 
from several eminent English clinicians are presented. 

A unique collection of books entitled ‘‘Collectanea Jacobi’ in 
eight volumes was edited by William J. Robinson. These volumes 
contain the various publications of the distinguished pediatrician, his 
medical essays, his public addresses and his discussion of public 
problems. These papers teem with medical wisdom, philosophic 
thought and an unusual human understanding. 

An English book on “‘ Diseases of Children”’ by various authors, 
edited by Garrod, Batten and Thursfield, contains a splendid series 
of contributions with excellent clinical descriptions of the most com- 
monly encountered diseases of children. 

Feer’s recent work, “Lehrbuch der Kinderheilkunde,”’ published 
in 1911, is a composite book and up to the present time has gone through 
seven editions. The contributors are among the most active and best 
known German pediatricians. Finkelstein, Ludwig Meyer, Pfaundler, 
von Pirquet, Noeggerath, Ibrahim and Moro contribute the various 
chapters. 

Kelynack in 1908 published a book on “‘ Tuberculosis in Infancy and 
Childhood” by numerous English and some American authors. It 
is a brief treatise covering about 350 pages. The same author has 
edited a book on medical examinations of schools and scholars with the 
collaboration of a number of British writers, though there are some 
foreign contributors who detail school examinations as carried on in 
their own countries. The edition contains contributions from Switzer- 
land, Sweden, Norway, Denmark, France, Germany and several from 
leading authorities in the United States. 

The book by Grancher, Comby and Marfan, consisting of five 
volumes, covers the general field of pediatrics and includes contributions 
by a brilliant array of French and foreign scholars. Ballantyne of 
Edinburgh, Barlow of London, Bokay of Budapest, Epstein and 
Fischel of Prague, and Escherich of Vienna, are among the contributors. 

La Pratique des Maladies des Enfants,” edited by Apert, Cruchet 
and Carriere, isa comprehensive system of pediatrics by leading French 
clinicians. It was published in five volumes in 1912 by J. B. Balliere. 
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CONCLUSION 


In attempting to make a rapid survey of the encyclopedic literature 
covering a vast period of time it has been possible to mention only the 
outstanding collections. To do full justice to any of them would 
require more detailed accounts and descriptions of greater length. It 
has been my purpose to give a brief survey of the rise, existence and 
development of this kind of literature as well as to consider its influence 
on medical thought and medical progress. 

For ages medicine was in a chaotic state; such science as existed 
was almost hopelessly mixed with empirical deduction and inference, 
unchecked by rational methods of control. A glance down the 
centuries from the time of Hippocrates, the first real physician to con- 
ceive the idea of bringing together the collected wisdom of the preced- 
ing ages, reveals many encyclopedic volumes which influenced the. 
progress of contemporary physicians and stimulated succeeding 
generations toward greater achievement. 

The outstanding lesson to be learned from such a historical review 
is the fact that preeminent thinkers and leaders—men of real genius, 
do not appear frequently. Hippocrates had many eminent disciples, 
yet for many centuries no great discovery was made and no new light 
was shed on medical problems. Not until the 16th century did the 
scientific spirit of experiment, observation and investigation permit 
medicine to emerge from the darkness. The development of physi- 
ology, anatomy, pathology and eventually of chemistry lifted the 
healing art out of the abyss of ignorance, philosophic speculation and 
uncertainty and placed it on firm ground which permitted progressive 
and rational development. 

Great geniuses—leaders and pathfinders—are few and far between. 
They cannot be manufactured by pedagogic methods, either ancient or 
modern. They are not the product of any system of education; they 
are born great and remain so, and their light and lustre illuminate the 
field by revealing hidden facts and by uncovering what has seemed 
impenetrable. It falls to lesser mortals to give such aid and encourage- 
ment as they can. 


A SYSTEM OF PEDIATRICS 


CHAPTER I 
HISTORY OF PEDIATRICS 


By Fretpine H. Garrison, M.D.* 
LimuTENANT CoLonen, Merpicat Corps. U. S. Army, Wasuineton, D. C. 


Pediatrics as a specialized branch of medicine had no real existence 
before the middle of the nineteenth century, hence the literature of the 
history of the subject is meager. Its earlier history is only a small part 
of the main current of internal medicine. 


Carl Hennig’s introductory chapter in the Gerhardt Handbuch (1879, I, 
11-50), the unsatisfactory fragment by Wolf Becker in the Puschmann Handbuch 
(1905, III, 992-1000), the admirable addresses of Theodor Escherich and Abraham 
Jacobi at the St. Louis International Congress (1905), the charming history of 
infantile hygiene by. Auvard and Pingat (1889), S. S. Adams’ study of American 
pediatric literature (1897), Hermann Briining’s illustrated history of artificial 
nutrition of infants (1908) and his historical review of pediatrics (with an excellent 
bibliography) in Briining and Schwalbe’s Handbuch (1912, I, 1-20), Ludwig 
Unger’s translation of Metlinger (1904), the studies of Greek pediatrics by T. 
Kroner (1876-7) and J. W. Troitzky (1900), Sudhoff’s investigation of Cornelius 
Roélants (1909-15), Forsyth’s history of infant feeding from Elizabethan times 
(1910), Abt’s history of the classification of gastro-intestinal diseases (1912), 
Jacobi’s history of American pediatrics (1913), L. E. Holt’s history of infantile 
mortality (1913) and Jacobi’s subsequent papers on pediatrics in New York City 
(1917) make up almost the entire literature of any importance. An indispensable 
bibliography of pediatrics (up to 1849) was published by F. L. Meissner in 1850. 
The full literature of the subject, up to 1898, is listed in the Index Catalogue of the 
Surgeon General’s Library under the headings “Children” and subdivisions 
(II, 936-957; 2. series, III, 422-472); “Infant (New-born)” and “Infants” 
(VI, 821-860; 2. series, VII, 891-930); and “Pediatrics” (2d series, XII, 717). 


In the present study I shall endeavor to outline the subject from the 
viewpoint of the general historian and bibliographer rather than that of 
the professional pediatrician, but I shall neglect the customary proced- 
ure of attempting to embrace the whole history of medicine in a narra- - 
tive of this kind. There are many things in the secular and cultural 
history of races and nations which are of great moment in the history 
of pediatrics. But it is reasonable to suppose that any well equipped 
practitioner or specialist of today is acquainted with the general trend 
of the history of medicine, and my own experience tells me that it will 
only impede his progress to pester him with irrelevant data about the 
past. Biographical details about earlier physicians, whose relation to 
pediatrics was only oblique or incidental, will not be given and will be 
otherwise confined to men who have devoted their lives to. the subject. 

* Published by permission of the Surgeon General, U. S. Army. 
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Hennig has remarked that the science of children’s diseases is the 
last and latest addition to the science of disease in general. For this 
strange phenomenon he assigns two causes: First the intimate relation 
existing between mother and child at the start, making obstetrics, 
gynecology and pediatrics inseparable; second, the difficulties encoun- 
tered in recognizing diseases in speechless young children or in eliciting 
clinical information from them before the days of expert precision 1n 
diagnosis and autopsy.* This is a common excuse of all the earlier 
pediatricians, from Walter Harris down. The Swedish bills of mortal- 
ity, even-as late as Rosenstein’s day, listed 9,783 children as dead from 
unknown causes.” But afar more potent factor was also operative, 
namely the absolute neglect of the proper care and hygiene of infants 
among savage and primitive peoples everywhere, and even among 
highly civilized peoples in the immediate past. Few realize, indeed, 
that it was a main object of the Greeks, Romans, Arabians and 
some later peoples to destroy rather than to save-a majority of newborn 
infants, partly for economic reasons, partly from inherent selfishness. 
It is literally true that, among primitive races (in space) and ancient 
peoples (in time), the newborn child was often predestined to be 
murdered. Among modern “‘civilized’’peoples, for a long period, the 
child, if of poor or humble parentage, was predestined to be maltreated, 
starved and tortured. To appreciate this fact, let us glance at the 
ethnic and social status of the child in space and time. In all pre- 
historic and primitive phases of human development, the child is 
regarded as a negligible factor. In primitive society, the struggle 
for existence obtains in full force; the individual is sternly sacrificed 
for the welfare of the tribe or race; the strong wear down the weak; 
the weakest inevitably go to the wall. Blind forces flow, as in physics, 
from higher to lower potentials. The infant, being the weakest con- 
figuration of human protoplasm conceivable, stood, as Payne says, 
“naturally low in the scale of value.” + Among primitives, infanticide, 
abortion, cannibalism and ritual sacrificing of children are the rule; 
solicitude for their preservation is the exception. Savage children are 
mutilated by tattooing, scarification of the face and body, artificial 
deformation of the skull, the face or the extremities, and ritual opera- 
tion upon the genitals. Twins are frequently killed as something 
unnatural or uncanny, or upon the supposition that one of them is a 
sort of monstrous superfetation from adulterous intercourse. 
Children born on “‘unlucky days” are slaughtered, as also children born 
headfirst or in footlings presentation, children born with teeth, a caul or 
other abnormities, children born in stormy weather, children that 
sneeze directly after birth; in fact, almost any pretext for infanticide 
is seized upon, in particular the crude Malthusian notion of limiting 


*C. Hennig, Handbuch der Kinderkrankheiten (Gerhardt bi 
pS Ae as n (Gerhardt), Tubingen, I 
} G. H. Payne, “The Child in Human Progress.” N. Y. (1916), p. 5. This 
book, while somewhat one-sided in its enlargement upon the cruelties practised’ 
upon children through the ages, is still a very valuable summary. 
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the population by sacrificing all children born in excess of a statutory 
number for agivenfamily. The “pigeon pair’’ (das Zweikindersystem) 
is as popular with the savage as with the civilisé of today. It has been 
shown that prolificity varies with the amount of food-supply and 
the productive value of offspring. Limitation of offspring is usually 
determined by scarcity of food and creature comforts, but religious 
ardor, alleged solicitude for the welfare of the race, anxiety lest the 
child suffer as a charge upon the community, economic reasoning, 
have been in each case a cloak for cruelty and murderous feeling 
in the savage as in the civilized. The only protection the child has 
in the savage state originates in maternal feeling, and the mother 
is invariably subjected to the male. Prosper Mérimée observed 
that “La femme a l'état sauvage est toujours laide.’”’ How much more 
is this true of the savage child. The distrustful, sometimes hostile 
faces that look out from the pages of Ploss’s ‘“‘ Das Kind’’ tell their own 
tale. Girls had invariably a harder fate than boys. The story 
of the routine sacrifice of female infants is one of the saddest pages 
in human history. Even among the Greeks and the Romans, the 
murder of children and the glorification of the male element, to the 
exclusion of every thing else, localizes and diagnoses a latent barbarity. 
Plato said that the fetus in utero was to be regarded as an animal. 
Plutarch declared the destruction of one’s own children to be ofttimes 
a great and virtuous action. It is significant that Egypt and Babylon, 
the two ancient civilizations which were kindest to children, were of 
the matriarchal type. 

The charms and taboo practices employed to ward off evil spirits 
from the unborn child, such as the couvade, probably originated, not 
from parental sympathy, but from the savage’s innate fear of intan- 
gible evils and of the unknowable. Tekonymy, the re-naming of a 
parent after his newborn offspring, does not spring from regard for the 
offspring but from the inflation of parental self-esteem upon possessing 
offspring. ‘The various mutilations of the child’s body*—boring holes 
in the nose, lips and ears, flattening the nose, deforming the skull, feet 
and- fingers, knocking out or sharpening the teeth, circumcision, 
clitoridectomy, infibulation, tattooing, scarification—are supersti- 
tious rites, initiating the sexual life, preparatory to marriage, or 
even regarded as improving the child’s appearance. All are animistic 
in theory, but hardly expressive of human sympathy. The casting of 
horoscopes for the child, the hanging or secreting of amulets about its 
person, the planting of trees in its favor, and similar rites, have the 
same tendency and significance.t Lane (Modern Egyptians) records 
that well-to-do women of Egypt dress their children poorly and 
shabbily ‘‘to guard them from the evil eye.” 

* On the subject of artificial deformation and mutilation of children among 
savage and civilized peoples, see J. H. Porter, Ann. Rep. Smithson. Inst. (1887), 
Washington, II (1889), pp. 213-235; and A. Chéreau, Mutilations ethniques, 
Dict. encyel. d. se. méd. (Dechambre), Paris, 1876, 2, s., x1, pp. 153-167. i 

+See H. Ploss, “Das Kind, 3 Aufl.” Leipzig 1911-12, 2 v., passim; and 
Elsie Clews Parsons, The Family. N. Y., 1906, pp. 95-111. 


4 HISTORY OF PEDIATRICS 

“The attitude of the tribe or nation towards its young,” says 
Payne, ‘“‘is also a barometer of progress.” At the beginning of his 
book on “The Child,” he points out that the lowest human tribes 
are less human in sentiment for their women and their offspring 
“than certain beasts and birds.” ‘The instincts of the lower ani- 
mals,” said Darwin, ‘‘are never so perverted as to lead them to regu- 
larly destroy their own offspring or to be quite devoid of jealousy.” 
The normal causes of infanticide among savages are either superstition 
or fear of famine. The Papuan family is restricted to two children. 
Infanticide is very prevalent in the coral-reef islands of Polynesia, 
where the food supply is always an uncertain quantity. Twins are 
immediately killed among the South Australians, Aruntas, the Kaffirs 
and the West African negroes. It is dishonorable for women to have 
twins in the Benin territory, whence twin-bearing women are roughly 
handled. In more specialized communities, children are sacrificed 
as an offering to the gods. Here religion becomes a kind of sanctioned 
blackmail of humans by gods and their organized votaries, or else a 
cloak for fanatical self-exploitation or some equally selfish end. The 
real reason is that there is not enough food to go around. To nomadic 
tribes, indeed to all whose principle of action is Kipling’s “He travels 
fastest who travels alone,” children are invariably an encumbrance. 
In old and (up to recent times) almost stationary civilizations, such 
as China, India and Japan, infanticide, the routine sacrifice of female 
children and the selling of children into slavery were consequent 
upon the deposal of the primordial matriarchate, and grew with in- 
creasing density of the population or latterly with occasional periods 
of famine and privation. - In China, the drowning of infants, especially 
female infants, is still prevalent in spite of endless imperial edicts. 
The Jesuits record that up to 232 B.C., children were an asset, the 
orphan could choose his adoptive parents and there was no trace of 
drowning, exposure or abandonment. With Confucius arose the idea 
of male sovereignty, with the child as a subject or chattel. Under Tsin 
Chi Hoang (232 B.C.), war and famine led to the practice of abandon- 
ment and to the drowning of female infants. In the first official 
Sea against infanticide (1659), an edict of Choen Tche (1633-62), 
we read: 


} I have heard that the sad cry uttered by these girl babies as they are plunged 
into a vase of water and drowned is inexpressible. Alas! that the heart of a father 
or mother should be so cruel.* 


Subsequent decrees of 1773, 1815, 1845, and 1848 proved of little 
avail, owing to the scarcity of food in relation to the density of the 
population. Some writers estimate that from 25 to 40 per cent. 
of female infants are drowned annually but the practice is slowly dying 
out in most localities. In ancient Japan, the sons of a polygamous 
father were natural enemies and had no claim upon him. Human 
sacrifice, e.g., to insure that the foundations of a building might be 


* Cited by Payne. 
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e well and truly laid,” was abolished about 3 B.C., but famine some- 
times produced cannibalism, and children were legally punished as scape- 
goats for the crimes of their parents up to the end of the seventeenth 
century. Chinese ideas and ideals gained ascendency about 552 A.D., 
and after Confucius came the deposal of the matriarchate by the 
Samurai and the sacrifice of children to the welfare of their parents. 
There were eight enactments against the sale of children between 1624 
and 1734. The Japanese are fond of children and have no such intense 
dislike for girls as the Chinese, nor is the population so dense, yet many 
children were sold during the famine of 1905 and infanticide is said to 
have been prevalent in connection with the high taxes following the 
Russo-Japanese War. In ancient India, the Aryans, originally an 
agricultural people, later a race of fanatical warriors, desired male 
children to increase the fighting capacity of the tribe. Male children 
became part of the scheme of wealth. Females were preserved for 
procreative purposes only. The Laws of Manu declare that “Women 
are born to bear children.’”’ The slaughter of unnecessary children 
was sanctified in the Mahabharata. The ancient rituals show that 
female children were doomed at birth. Female infanticide was held to 
be of divine origin; the real reason for its existence was economic. 
The chief end of Aryan man being to feed himself by predatory wars 
and to breed soldiers for this end, women were only tolerated in num- 
bers sufficient for this purpose. Female infanticide, like the suttee 
custom, was highly prevalent in eighteenth century India. The 
attempt of Colonel Alexander Walker to suppress it, in 1805, led to a 
long correspondence of 80 years duration, in which the Indian princes 
protested vigorously against interference with their religious and social 
ideas of 4900 years standing. The Infanticide Act of 1871 was the 
final effort of government to suppress the practice. The ancient 
practice of sacrificing the first born for ritual reasons is familiar in the 
Biblical stories of Abraham and Isaac and the daughter of Jephthah. 
The Arabians, a nomadic desert people, sacrificed their infant and even 
adult daughters by burying them alive, until the practice was suppressed 
by Mohammed. The Greeks, in some respects the most intelligent 
people the world has known, were utterly callous about the fate of 
children foredoomed to exposure by economic conditions or by the 
shame of pregnancy in unmarried women. 

But there is a good deal of human nature in the world and we must 
not neglect the brighter side of the picture. The civilizations of 
Egypt and Babylon, being centered in fertile, plenteous lands, and 
matriarchal in type, were as we shall see, reasonably fair and decent to 
the child. This was perhaps also true of the Minoan civilization of 
Crete, the presiding deity of which was a primordial mother-goddess. 
There is sufficient evidence that such children as were permitted to 
survive under stress of economic conditions were not inhumanly 
treated, even among savages, although there is little evidence of an 
active sympathy for children. Stevenson said that the South Sea, 
Islanders who practice infanticide and are capable of selling their 
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children into slavery are yet affectionate and patient with them.* 
Not all of ancient Greece was given over to infanticide and exposure. 
Elian records that in Thebes these offences were punished by death.7{ 
Mahaffy thinks that the Greek practice of exposure of infants arose in 
a late period, and from economic motives in an overcrowded civiliza- 
tion.t In evidence, he cites the instances of sympathy for children in 
Homer, Herodotus, Euripides and Thucydides.§ In the sixth Iliad, 
there is the affecting farewell of Hector and Andromache. The hero 
bewails the impending fate of his wife and child, and tenderly lays aside 
his helmet lest the infant Astyanax, ‘fair as a star,” be frightened at 
his nodding crest. In the subsequent lament of Andromache over the 
body of Hector, she bewails her widowhood and mourns the hard fate 
in store for her defenceless child. 

Women, particularly great ladies like Helen, Andromache, Hecuba, 
Penelope, were held in high esteem by the Homeric Greeks and their 
children no less. There is evident tenderness for child-life in the 
similes of the Homeric poems. In the fourth Iliad (20), Minerva repels 
the arrow shot at Menelaus ‘‘as a mother drives away a fly from her 
child when it lies in sweet sleep.’ In the fifteenth Iliad (361), Apollo 
overthrows the earthworks of the Greeks as easily as a child playing 
by the sea tumbles the sandheaps it has made. At the beginning of 
the sixteenth Iliad, Achilles addresses the weeping Patroclus with 
winged words: 


“Why weepest thou, O Patroclus, like an infant girl, who running along by 
her mother, begs to be taken up, and holding on by her dress, delays the hurrying 
woman, and looks at her with her eyes full of tears, in order that she may be taken 
up and carried.” 


Mahaffy emphasizes the strong love of children in the anecdotes of 
Herodotus, which sympathy is, in all likelihood, ‘‘ his own or that of his 
age, even though the naked facts may be the heritage of a previous 
society.” When the oligarchs of Corinth sent ten of their number, 
in deference to the oracle, to destroy Cypselus, the child of Eltion, 
the mother, Labda, unaware of their intentions, placed the infant 
in the hands of one of them; but its smile was so beautiful that the 
oligarch could not summon brutality to dash out its brains, so handed 
it to the second, he to the third, until it passed through their ten hands 
unscathed. When they finally resolved to accomplish the deed, the 
mother had safely hidden the child in a chest, and after a half-hearted 
search, they returned to say that they had done all that had been 
commanded (V, 92). Elsewhere, he tells how a house in Chios, ‘‘fell 
in upon some boys as they were learning to read, so that of one hundred 
and twenty boys only one escaped” (VI, 27). In another place, he 


3 Payne, op. cit., p. 44. 
t #lian, Varia Hist., ii, p. 7. Cited by Lecky. 
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describes a Spartan nurse standing before the temple of Helen to pray 
that the goddess might make an ugly infant beautiful (VI, 61). Aris- 
totle relates that when the oracle, in punning fashion, commanded the 
Malians to love the dearest of the dear (¢idety rev didrdrov ré irrara), 
they carried their naked infants about at feasts and kissed them. 
Themistocles, in Plutarch’s Lives, declares that “his boy, who bullied 
his mother, was the greatest power in Greece: For the Athenians ruled 
the rest of Greece, Themistocles ruled the Athenians, his wife ruled 
him, and his boy ruled her.” In the tragedies of Euripides, children 
appear upon the stage to heighten the pathos of a situation. In 
Thucydides (VII, 29), it is said that the massacre of a whole school of 
little boys at Mycalessus by a band of Thracian mercenaries was 
regarded as the outstanding instance of frightfulness in the whole 
Peloponnesian war, although in Mahaffy’s view, the cold historian 
conceals his own emotions “‘under the most violent contortions of 
grammar.’* There is thus abundant evidence of a tender regard 
for children in the ancient Greek civilization, in spite of the fact that 
exposure of infants was common at Athens, and was justified and 
almost defied in poetry and the drama, as being the lot of Zeus, Po- 
seidon, Hephestus, Asculapius, Atalanta, Ion, Amphion and Cidipus. 
Let us remember, also, that it is precisely in Greek medicine that we 
find the only scientific body of pediatric literature of value before the 
advent of the masters of the eighteenth and nineteenth centuries. 
Christianity and its votaries undoubtedly did much to elevate 
the status of the child and to remove its social disabilities. The 
figures of the Madonna and the Christ Child were enshrined in mediz- 
val art; but it is not until the middle of the nineteenth century that 
we find any artistic and human feeling comparable with that of the 
Greeks. In modern civilization, the child is explicitly ‘‘the father of 
the man,” the expression of the continuity of the germ-plasm, the 
means whereby the individual projects and propagates himself or 
herself into futurity. Ours is ‘‘The century of the child,” a result 
partly due to art, partly to science and scientific legislation. About 
this tiny figure have clustered and concentrated all things that differ- 
entiate the altruistic from the self-regarding feelings, the best ethical 
ideas and sentiments in regard to the proper relations between men 
and women, the noblest aspirations of our time toward humanitarian 
and social legislation, some of the finest inspirations of poets, artists and 
musicians. The religious and legal sanctions of marriage exist solely 
for the benefit and protection of the child, only incidentally for the 
“‘respectability”’ of the contracting parties. With Rousseau’s Emile 
(1762), a whole species of secular literature about children came 
into being, something which, in the past, had only existed in spots, 
as among the Greeks or in the episode of Mamilius in Shakespeare (A 
Winter’s Tale). After the long nightmare of the French Revolution 
and the Napoleonic Wars, there was an actual springtide of hope and 
aspiration for European humanity. Poets of liberty arose—Shelley, 


* Mahaftfy, op. cit., p. 168. 
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Byron, Wordsworth, Landor, Hugo, Swinburne—champions of liberty 
and liberal legislation, such as Stuart Mill, Beaconsfield, Peel, Glad- 
stone, Louis Blane, Armand Carrel, Mazzini, Kossuth—humanitarian 
novelists like Dickens, Charles Reade, Victor Hugo—everywhere, 1n 
fact, there was an upspringing of liberal sentiment and philanthropy. 
English labor legislation began in 1802 (Peel Act), child legislation 
in 1836. Victor Hugo’s great prose epic on the miseries of the poor 
(Les Misérables) was completed in 1862. Three years later, the loz 
Roussel was passed (1865). Charles Dickens, whom Swinburne called 
“the greatest Englishman of his time,” fought with tongue and pen 
for the rights of the child, to whom he devoted some of the choicest 
fantasies of his genius. Poetry about children culminated in such 
exquisite things as Victor Hugo’s L’art d’étre grand-pére, Longfellow’s 
Delia and The Children’s Hour, Stevenson’s A Child’s Garden of Verses, 
and the dainty lyrics of Swinburne and Sir Rabindranath Tagore. 
The disabilities cast upon girls by female infanticide in the past have 
completely disappeared. The process of deification began with 
Dante’s Beatrice. Goethe’s Mignon, Dicken’s Little Nell, Dr. John 
Brown’s Marjorie Fleming, Victor Hugo’s Cosette, linger in the 
memory as figures of essentially modern interest. The systematic 
spoiling of young women by cheap flattery and ill-considered adulation 
is a specific feature of recent life and of the more ephemeral sort of 
modern literature. The net-result has been to make the young person, 
in Boyesen’s phrase, ‘‘a perfect little monster of human selfishness.” 
The feeling of Andrea del Sarto, Correggio, Rubens and Vandyke 
about the child in painting has been revived in many modern canvasses. 
In music, such preludings as Haydn’s Toy Symphony, Schumann’s 
Scenes of Childhood and his Album for the Young were followed by 
endless imitations, even at the hands of Brahms, Tschaikowsky and 
Debussy. Schumann’s ‘Requiem for Mignon” and Louis Ehlert’s 
“Requiem for a Child” are examples of another genre. The child in 
folk-song is a modern revival. The cradle songs of Chopin, Grieg, 
Wagner and Brahms are full of poetic charm. The “Adventures in a 
Perambulator,”’ an orchestral suite by John Alden Carpenter, of Chicago, 
is a most delightful specimen of American music. Richard Strauss has 
apotheosized the baby as the tyrant of the household in his “Sym- 
phonia Domestica,” the squallings of the infant being rendered for- 
tissimo by the full orchestra. To the old folk-tales of the past have 
been added Grimm, Hans Andersen and hosts of later things. Every 
Christmas brings out a flood of books, pictures and music about 
children. Thus the glorification of the child in modern life has been 
due to the artists, the poets, the writers, the musicians, rather than to 
the statists, philanthropists and legislators. 

Let us now consider the status of the child in folk-medicine. 
From the moment of conception, the infant, born or unborn, is 
thought to be exposed to a swarm of evil demons who may inflict a 
disease or malformation upon the helpless child, or substitute one of 
their own brood for it as a changeling, and thus make it a cretin 
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or other monster (Ploss).* Witches and sorcerers may cast spells upon 
it or it may be subjected to the influence of the evil eye. Against 
these malign influences, all sorts of charms, amulets, talismans, incan- 
tations and spells are employed, the varied ritual of which makes up a 

large part of ethnic folklore. An equally complex and variegated 
ritual presides over the bathing, washing, swaddling, cradling, nursing, 

wet-nursing, artificial feeding, naming, baptism and carrying of the 

newborn infant among different peoples. These practices have been 

described in detail by Ploss (Das Kind).+ The care of the sick child in 

the savage and semi-civilized state{ forms another large chapter of 

anthropology. Apart from actual infanticide, the high mortality of 

infants and children among savage and primitive peoples is due 

mainly to one set of causes: Total ignorance of the proper care and 

hygiene of children, mental inability to evolve a proper hygienic 

‘scheme, with the natural indifference resulting from this state of 
mind. Primitive pathology invariably assigns demons, magicians, 
witches and angered gods as the efficient causes of disease, adult 

or infantile. Primitive therapy professes to dispose of these by 
prayers, incantations, charms and other manceuvres of the medicine 
man. In Imeretia (Caucasus), the mother of a sick child walks 
thrice around its bed and then prays upon her knees that the malig- 
nant batonet: will take her soul rather than her child’s; prayers are 
offered by the father, and oxen, fowls or pigs are allowed to wander 
away as an offering to the demon. In the lower Congo region, a 
family consultation is held over the sick child, and a magician is sum- 
moned, whose diagnosis is inevitably “witchcraft.” Among the 
Wahehe (East Africa), if a sick child does not get well, a soothsayer 
(mlagasi) is summoned, who, after learning the probable amount of 
his fee, moves an inverted mortar over the top of a stool, repeating a 
litany of diseases the while; the mortar stops when he achieves his 
diagnosis, which is further confirmed by revolving a horn about a stick, 
until it stops at the name of the presumable disease (Ploss). In 
England, Ireland, France and Germany, sick or rachitic children are 
passed through clefts or arching roots of trees, holes in large stones or 
other rocky formations, bell-ropes, ladders, etc. This is also a remedy 
for infantile hernia. Infantile convulsions (‘‘Frazsen’’) are suppressed 
in Silesia by placing the mother’s engagement ring or her bridal crown 
in the child’s bed; in Bohemia, by administering milk mixed with soot 
from a candle-snuffer, or three cinders from the hearth, in the name of 
the Holy Trinity; in Moravia by casting a garment, snatched from the 
child’s body, into a rapidly flowing stream; in Upper Austria by 
winding yarn, spun by a girl of seven, about the infant’s neck. In 
*H. Ploss, Das Kind im Brauch und Sitte der Vélker, 3 Aufl. Leipzig, i, 


(1911), p. 100. 
Ibid., pp. 211-514, passim. 7 
Wk details in this section are taken mainly from the chapter “Das kranke 


i I } j i borately 
Kind” in Ploss, op. cit., 515-547. The subject is even more ela ly 
treated in Hovorka and Kronfeld: Vergleichende Volksmedizin, Stuttgart, 1909, 11, 


pp. 632-718. 


10 HISTORY OF PEDIATRICS 


Lower Austria, talismanic necklaces are employed; in Moravia and 
Styria, little helmet-shaped caps (Fraisenhauben) decorated with 
religious emblems, are worn; in Styria, again, a “cohvulsion-clock”’ 
(Fraisenuhr) is wound up and chimes at intervals during the attack.* 
Among English folk-remedies for whooping cough in children are 
passing the child underneath animals or bushes, carrying it through 
a cloud of smoke, placing a live frog or the head of a trout in the child’s 
mouth, giving it a soup cooked over a stream flowing from north to 
south, passing a tarred bandage around its neck, administering a 
roasted mouse or owl broth, or holding a decrepid spider over the 
patient’s head while repeating the charm: 


“Spider, as you waste away, 
Whooping cough no longer stay.” 

Malaria, as we read in “‘ Evangeline,’’ was ‘‘cured by wearing a spider. 
hung round one’s neck in a nutshell.” In Scotland, a consumptive 
child is passed through a wreath of woodbine, and on Mayday, sick » 
children are taken to healing wells. In the Transvaal, Franks saw 
three sick children, painted green all over, with the exception of 
their faces, and all these succumbed to arsenic poisoning. The same 
observer saw a Boer mother give successively to a two year old child 
Hoffmann’s drops, an opiate, a red powder containing tartar emetic, 
Jamaica ginger and Holland drops. Woodroffe prescribed for a Boer 
child, whose mother subsequently obtained another prescription from a 
second physician, in order to experiment with the two in succession. 
Cassia fistula and rhubarb are favorite infantile purgatives among 
primitive peoples. Clysters and vegetable emetics are frequently 
employed. The Zulus in Natal give the newborn a perfunctory clyster 
of the juice expressed from the roots of the ‘‘amasabele”’ (Huphorbia 
pugniformis), in warm milk, in order to “purify the stomach.” As a 
vermifuge, they employ a decoction of ‘‘incamu” (Othonna natalensis). 
The use of opiates to quiet fretful infants is deplorably wide-spread 
among all peoples, savage, peasant or civilized. The exhibition of opium 
to stop a child’s crying is as old as the Ebers Papyrus.t Syrups and 
decoctions of poppies or hyoscyamus are of common use for this 
purpose in the Orient, whence the pernicious custom spread among the 
Persians, Tartars and Armenians, and thence to Russia, the Germanic 
countries and the British Isles. Even in the forms known to city 
dwellers, as paregoric, soothing syrup, ‘‘Godfrey’s Cordial,” “‘Mother’s 
Blessing,” ‘‘Dalby’s Carminative,”’ ete., the exhibition of opium in 
teething and night-fears of infants is an almost universal folk-remedy,{ 
which has led some anthropologists to derive it primarily from folk- 
intuition. To explain the genesis of intuitive folk-therapy, Hovorka 
postulates certain “laws of congruence,” in virtue of which primitive 

* Hovorka and Kronfeld, Vergleichende Volksmedizin, Stuttgart (1909), ii 
pp. 674-684, passim. ; 
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man everywhere sought identical remedies instinctively for certain 
affections,* but the real explanation of “doping”’ the children is that 
the practice originated in the East, where the poppy abounded in 
nature. In therapeutics, however, the folk-mind has a notable tend- 
ency to favor the doctrine of “like cures like,” e.g., a drowsy syrup for a 
disorder of sleep. But, as a rule, the primitive doctor, vaguely sensing 
the fact that time and nature are often the best remedies, seeks every 
excuse for temporizing, and, in his attempt to ‘explain’? the phe- 
nomena of disease, is easily led away into animism and mysticism. 

The bad and sometimes fatal effects of the exhibition of opium in 
infants were early noted by Walter Harris (1689) and were described 
in impressive manner by the English physiologist Marshall Hall 
(1885),7 but his essay did little to check this abuse. Some English 
druggists are said to have purchased over 200 pounds of opium annually 
for this purpose, and in one district an annual dispensation of 100 grains 
per caput was estimated.{ 

We are now in position to review the history of pediatrics in the 
written and printed texts, beginning with the hieroglyphic and cunei- 
form inscriptions. 


EGYPT 


In Ancient Egypt, the military and priestly castes existed as beings 
set apart for sacred functions: The lot of the toilers, those in whom 
the hand was subdued to the material it worked in, was as that of the 
craftsmen in Ecclesiastes: ‘‘They shall not be sought for in public 
counsel, nor sit high in the congregation; they shall not sit on the 
judges’ seat.”” Neuburger cites an early Egyptian sentence about the 
working classes: ‘‘The child is procreated only to be torn from its 
mother’s arms—if he arrives at manhood, his bones are broken as those 
of an ass.”§ But the civilization of Egypt was of matriarchal type. 
The mother-goddesses Hathor, Mut, and Neith, deifying the creative 
power of nature, the nature goddesses Anquet (fructifying power of 
Nile), Bast (fructifying heat of the Sun), the pregnant cow-goddess 
Mehurt (female creative principle), Nephthys (decay, death and 
immobility), Nut (Night), Satet (inundation of the Nile), Sekhet 
(destructive heat of the Sun), Tefnut (rain), also the birth goddesses 
Nekhebet and Taurt, who presided over obstetric functions, Mesk- 
henit, whe appeared at the child’s cradle and Rannut who presided 
over the harvests, maternity and nursing, all bespeak the strength 
of the female and maternal element in the Egyptian pantheon. Isis 
the sister-spouse of Osiris, the type of the faithful wife and mother, is 
usually represented in the act of suckling Osiris. Women in the mural 


* 0. von Hovorka, Mitt. d. anthrop. Gesellsch. in Wien, 1915, xlv, pp. 125--136. 
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decorations and figurines are nearly always of comely, attractive 
semblance, and in the family groups there is every sign of affection. 
In the earlier Egyptian civilization, there are some evidences of human 
sacrifice, but no indications of “infanticide,” or maltreatment of 
children. Egypt was a land of plenty, and children were well taken 
care of. Aristotle says explicitly that the Egyptian women bore 
many children and that all children born into life were well brought 
up. Diodorus Siculus (1st century, B.C.) records (I, 20) that the 
children of ancient Egypt were clothed and reared at a very trifling 
expense. He says of the ancient Egyptians that those who killed their 
children were not executed themselves, but were condemned to hug 
their dead offspring continually in their arms for three days and three 
nights, in order to experience their full deserts of horror and remorse 
(I, 6).* The items listed in Sudhoff’s Catalogue of the Historical 
Section of the Dresden Hygienic Exposition (1911) suggest a highly 
specialized civilization with plenty of creature: comforts. 


The mural reliefs and frescoes from the temples show the threshing of grain 
(items 1101-8), the kneading of dough (1109-11), the harvesting of figs (1118), 
a market scene of the Old Empire, with stands for fish, vegetables, a fish-pond with 
ducks, in a rich park (1131), milking a cow (1162), a child suckled directly from 
the udders of the cow-goddess Hathor (1163), vintage and wine-making (1173-77), 
brewing beer (1178-84), a dining table set for the dead (1193), beds and wooden 
head-rests (1225-35), vanity cases (1307), manicures (1310), cosmetics (1311-12), 
combs (1323-5), mirrors (1327-9), razors (1331-48), a woman prinking herself 
with cosmetics before a mirror (1354), bathing in common (1397), the complaint of 
a Greek woman to Ptolemy (220 B.C.) that she had been parboiled in her bath by a 
careless attendant (1410), the accouwchement of a queen on an obstetric chair, 
attended by four midwives (1423), Isis suckling and dandling Horus (1425-31), 
modes of carrying children (1432-38), dolls and balls of 600 B.C. (1439), children’s 
games (1440-42), dancing (1443-45), statues of physicians (1496-99), amulets and 
scarabs (1502-14); Horus as averter of a pathogenic worm (1515); apotropaic 
reliefs of the child Horus against vermin (1516, 1518, 1523); a court official with a 
fly-flap (1524); aboriginal Egyptian rites for cult-cleanliness (1525); the interment 
of a child’s corpse in a bed (1534), coffins, burial-rites, sarcophagi and mummies 
(1530-1632), and pathological preparations from diseased mummies (1630—-1728).+ 


At birth, the Egyptian infant was not constricted in swaddling 
clothes but allowed to run about naked or carried about in loose, soft 
wrappings. After weaning, its diet was cow’s milk only, later vege- 
table foods and water. It led a wholesome healthy existence in the 
open air, completely naked up to five, barefoot up to ten, playing with 
hoops, balls and dolls before taking up the “three R’s” in school 
(Neuburger).{ Ritual circumcision was performed upon boys of the 
priestly and warrior castes with a flint knife... Self abuse is named as a 
vice in the Book of the Dead. 


Of Egy ptian medicine, Homer says (Odyssey IV, 220-223): ‘There the fruitful 
earth brings forth many drugs, many excellent when mingled, and many fatal; 
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ihe every physician is skilled above all men; for truly they are of the race of 
on.”’ ; 

Medicine in Egypt, as Herodotus tells us, was specialized to the extent 
_ of having a doctor for every disease. A set line of treatment was 
prescribed and if the patient died from any deviation from standardized 
practice, the physician was put to death; although in the time of 
Aristotle, a change of therapy was permissible after the fourth day, 
if the patient did not improve. 

The principal sources of Egyptian medicine are, in order of antiquity, the badly 
preserved London Papyrus, edited and translated by Walter Wreszinski (1910), 
the Westcar (Lesser Berlin) papyrus, translated by Adolf Erman (1890), the 
Brugsch (Greater Berlin) papyrus, translated by Wreszinski (1909), the Papyrus 
Ebers, translated by H. Joachim (1890), the Hearst (Philadelphia) papyrus, 
containing about one half the Papyrus Ebers and the Kahun papyri of the Petrie 
Collection, translated by F. L. Griffiths (1893). Of principal interest for Egyptian 
pediatric lore are the Lesser Berlin and the Ebers papyri. 


The Lesser Berlin Papyrus, or Papyrus of the Mother and Child 
(16th Century B.C.) is, for the most part, made up of wonder tales 
and magic charms. It contains only three prescriptions. Holmes 
cites a charm to be recited over a string of three beads (lapis lazuli, 
jasper, malachite) to be hung about the neck of the newborn. Part of 
another reads: 

“The voice of the Re calls for the Wpt, because the stomach of this infant 
whom Isis has borne, is sick.’’* 

The Papyrus Ebers (1550 B.C.), a beautiful document in hieratic 
script, the text in black, the rubrics in red, is an édztzon de luxe, prob- 
ably prepared for some great temple. The fact that it is written in 
several dialects indicates that it is an encyclopédia or compilation. 
In its entirety, it was, no doubt, asummary of the medical and surgical 
therapeutics then known, like the summations (summa medicine) 
made in the Middle Ages or our modern “Systems of Medicine.” 
It consists of some 50 sections in 108 columns, giving prescriptions for 
various diseases and classes of diseases. Only in the surgical section 
is there any indication of diagnosis. The tiny pediatric section is 
mainly prognostic. It reads: ° 

“To get a supply of milk in a woman’s breast for suckling a child: Warm the 
bones of a xra-fish (swordfish, Brugsch) in oil and rub her back with it. Or: 

Let the woman sit cross-legged and eat fragrant bread of soured durra, while 
rubbing the parts with the poppy plant.” 

Prognosis for a child on the day of its birth: 

If it cries nee, it will live; if it cries bd it will die. 

Another prognostication: s-sfate 

If it wails loudly, it will die; if it drops its face downward, it will die imme- 


diately.” + 

Among the diseases likely to affect children, which are prescribed 
for in the Ebers Papyrus, we find those due to the heft-worm (Ascaris 
lumbricoides), the pend-worm (Tenia mediocanellata), diseases of the 
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Ro-ab (epigastric region), headache; ascites and urinary disorders; 
physical disability; diseases of the eye, the sealp, the skin, the teeth 
and ears; coryza and ozena; animal parasites, fleas, lice and pruritus; 
abscesses and tumors. Purgatives and vermifuges abound, as also 
prescriptions for diarrhoea and obstinate vomiting. The following 
recipes are specified for retention of urine in children: 

“An old book, cooked in oil, is smeared over the body, in order to produce 
urination in the child.”’ 


“Another prescription to regulate urination: 


Straw of the nebat plant) tae. — eae ee te eee a4 
Dates ta0e.25.2 Oe ye See RR, cB ee 4% 
The stalk of the yas-it plant aces tee ee ree 4 
Honey Gave ei stu: One Peete 2a cet neler ee 5% 
Berries:ot the wan-tree? 270. or ag - eo eg nee 4 
IW ater ee hee ceics Gaeta: ome ole che | a ae ea 1 dena 


Strain and administer through four days running.” 


“Another prescription to regulate urination in a child: Bring blossoms of the 
nebat plant together with sweet beet in a cool flask for a girl to drink; but give it to 
a boy in a pitcher of hennu (0.465 litre) capacity.” 

‘““What one should do for a child that suffers from urination: xent corn warmed 
in a pill; if it is an older child let it take this with its nourishment; but if it isan 
infant, let it be given in the breast milk, the nurse warming it in her mouth and 
spurting it into the child’s mouth.” 


““A remedy for incontinence of urine. 


Juniper bermies s. a: caci.e cet ee ae 1 
GY PrUssh a0 Le Ree een eee 1 
BOe@r cs 4ab ee ee et pcan ae es 1 hennu measure.’’* 


An opiate is exhibited for the crying of a child. 


“Capsules of the poppy-plant (?); exerement of wasps on the wall; rub together; 
straim and administer for four days running; it will stop immediately; as for crying, 
it is the child that cries.’’ + 


These prescriptions show that there was already differentiation as 
to drugging and dosage in treating the diseases of children and adults. 
There were even separate hieroglyphs for the infant and the child 
(Liiring). 

Among the diseases from intestinal worms, there are many remedies 
for the tropical anemia variously known in the Ebers Papyrus as the 
uha disease (chronic constipation and meteorism), the uxedu disease 
(painful swelling of the body), and “the god-sent deadly daa disease.” 
It is probable that these were different phases of hookworm infection 
(chlorosis Aegyptica) or other parasitic anemias. In the opinion of 
Joachim, the daa disease was ankylostomiasis, since precordial distress 
and palpitation of the heart is specified in the Papyrus (Lutz), and the 
disease was found by Pruner Bey, Bilharz and Griesinger, to be still 
prevalent in Egypt.{ Edwin Pfister, however, maintains that the aaa 
disease was bilharziosis, since its determinative hieroglyph was a 


* Joachim: op. cit., 65, 67-68. 
t Ibid; p. 169. 
} [bid., pp. xiv—xvii. 
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phallus (bloody urine).* There is a special prescription for the 
sa-worm or Filaria medinensis.t| Granular conjunctivitis (Egyptian 
ophthalmia), the contagious nature of which was first observed by 
Baron Larrey during Napoleon’s Egyptian campaign (1802), is 
specified in the Ebers Papyrus as excessive lachrymation or “granula- 
tion” or “when too much water flows from the eye.”’t Corneal 
opacity, albugo, clouding of the lens and strabismus are prescribed 
for,§ and there are innumerable salves and collyria. The sections in 
the Ebers Papyrus on fatty tumors, suppuration and ulcers show defi- 
nitely that surgical intervention obtained in these conditions (‘treat it 
with the knife’’).|| Toothache is attributed to the presence of the 
uxedu worm. The researches of Elliot Smith and Wood Jones on 
pathological findings in Egyptian mummies from the Archeological 
Survey of Nubia (1907), show that there was no caries in the milk 
dentition of children of the Pre-Dynastic period. The luxurious habits 
of the New Empire produced deposits of tartar with caries and abscess 
formation, spreading to the alveoli. This condition in the mummies 
shows that the Egyptians had no dentistry, the alleged gold-filling 
of teeth being simply gilding, as part of the mortuary ritual. There 
is one disease, specified in the Papyrus Ebers as ‘‘hardening in the 
limbs” (and by the prescriptions ‘‘to make the joints limber”’),** which 
is found in mummies of all historic periods, namely osteoarthritis 
deformans, and while this affected adults only, it began to attack them 
even in the third decade of life. An apparent case of infantile paralysis 
(poliomyelitis) is exhibited in a stele of the Eighteenth Dynasty in the 
Carlsberg Glyptothek, Copenhagen.j{t Henri Meige describes a bronze 
statuette of a hump-backed Egyptian boy from the Museum at Bulaq, 
the deformities suggesting rickets or spondylitis deformans.{{t The 
innumerable figurines of the dwarf-gods Bes and Phthah are all 
achondroplasic (Charcot).§§ In the Alexandrian period, Egyptian 
medicine became Greek in type. In Sudhoff’s study of the Oxyrhyn- 
chus and other Greek papyri of the period, considerable light is thrown 
upon the methods of wet-nursing and circumcision. The Hellenized 
ladies of the Ptolemaic period seldom nursed their own children. 
Definite contracts were made with slave-women, who stipulated to 
nourish the child on milk up to its third year (yaXaxrorpogia) for a 
definite sum and their living. During the first six months the nurse 
was to give the infant her own breast; during the remaining eighteen 
months, it was nourished artificially on cow’s milk. There was a 


* Pfister, Arch. f. Gesch. d. Med., Leipzig, 1912-13, vi, 12-20. 

¢ Joachim: op. cit., p. 134. 

ft Ibid., pp. 81, 83; 86. 

§ Ibid., pp. 82; 85-87. 

|| Joachim: op. cit., pp. 191-192. 

q Ibid., p. 161. 

** Tbid., pp. 130-134; 137-151. 

+t O. Hamburger: Bull. Soc. franc. d’hist. de méd., Paris, 1911, x, pp. 407-412. 
tt Meige: Trav. de neurol. chir. (Chipault), Paris, 1897, ii, pp. 101-105. 
§§ Charcot: ‘(Les difformes et les malades dans l’art.”’ Paris (1889), pp. 12-26. 
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regular daily delivery of ‘‘the best cow’s milk” ina pitcher of 18 cotyles 
capacity; and unpunctual delivery was severely punished, but on legal, 
not on hygienic grounds.* The 
wet-nursing contracts called for 
“‘nure unadulterated milk,” 2.e., 
that the nurse should not spoil 
her breast-milk by a faulty 
diet. A child’s sucking bottle 
of the 2nd century, from Teb- 
tunis, is in the Museum of Cairo 
(reproduced by Sudhoff). It is 
an ovoid flask of polished burnt 
clay, with a cylindrical neck and 
a nipple-shaped mouth-piece at 
the side.t The slaves who 
became’ gladiators, wet-nurses, 
harlots, ete., were recruited 
from the abandoned infants 
flung upon dung-heaps’ by 
heartless parents. If found by 
benevolent persons, they were 
usually wet-nursed and brought 
up. If not they were devoured 
Fie. 1.—Egyptian nursing-flask of by dogs and wild animals. 


the aan pane’ hie: pele Baby farming was_ practiced, 
(Cairo Museum). rom udhoftf’s 
Studien zur Geschichte der Medizin, ®24 attended by the same 


Leipzig, 1909, Heft. 5-6, Pl. ITI.) cruelties that moderns know of. 


SUMER AND ACCAD 


(Assyro-Babylonian Civilization [2800 B.C.—3310 B.C.]) 


The fertile plain between the Euphrates and the Tigris, “the land 
between the rivers,’ erstwhile Babylonia, later Mesopotamia, was 
originally divided between two primeval races. At the North was 
Accad, dominated by a Semitic race; at the South lay the Biblical 
“plain of Shinar’ or Sumer, the inhabitants of which were non-Semitic. 
Whether the Sumerian culture preceded the Accadian or not is a 
matter of dispute, but it is known that the Sumerian characters 
(ideograms) contained Semitic elements, and it is probable that there 
was the usual interaction between the two cultures. 


Secular History.§—The tug of war between the Sumerian and Accadian 
peoples occupied the earlier historical period, a period of massive architecture, 


*K. Sudhoff: Aerztliches aus griechischen Papyrus-Urkunden (Stud. z. 
Gesch. d. Med., Heft 5-6).”’ Leipzig 1909, pp. 150-157. 

t Ibid., plate 3. 

t Ibid., pp 1. 58-159. 


§ M. Jastrow: “Aspects of Religious Belief and Practice in Babylonia and 
Assyria,’’ New York, 1911. 
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sun and moon gods, ornamented vases and other votive offerings to such gods, and 
illustrated clay seal cylinders with cuneiform characters, designed to be rolled 
over flat clay tablets as personal signatures to contracts and other business docu- 
ments. Under Sargon and his son Naram-Sin, the Accadians first began to domi- 
nate this vast agricultural region; but about 2300 B.C., the Sumerians regained 
their ancient sway and their rulers were thenceforth known as “kings of Sumer and 
Accad.”” At the North of Accad, Hittite influences became predominant. about 
2100 B.C. A Hittite ruler occupied the throne of Babylon (Accadia) about 1800 
B.C., and from a presumable fusion of Hittite and Amorite elements, the northern- 
most kingdom of Assyria arose. About 2000 B.C., the Sumerian power began to 
wane and the Semites centred their independent kingdom in the city of Babylon. 
With the accession of Hammurabias “‘king of Babylon” (1958-1916 B.C.), the Acca- 
dian kingdom became known as the Babylonian Empire. The successive blows 
dealt by the warlike Assyrian kings Tiglath Pileser I (circa 1130-1100 B.C.), 
Ashurnasirpal (884-860 B.C.), Sennacherib (705-681 B.C.) and Esarhaddon 
(680-669 B.C.) eventually reduced Babylon to subjection. Babylon was destroyed 
by Sennacherib in 689 B.C., but after the brilliant reign of Ashurbanipal or Sar- 
danapalus (668-626 B.C.), the Assyrian yoke was broken by Northern invaders 
at the fall of Nineveh (606 B.C.). The new Babylonian empire came under 
Chaldean influences under Nabopolassar (625-604 B.C.) and his, son Nebuch- 
adnezzar (604-561 B.C.) Cyrus took Babylon in 539 B.C. but the Persian power 
was overthrown by Alexander the Great (331 B.C.). Thus the civilization called 
Assyro-Babylonian was influenced successively by the domination of five distinct 
racial and cultural strains, the Sumerian, Accadian (Semitic), Assyrian (Hittite), 
Chaldean and Persian. ; 


In the older Sumerian pantheon, the sun, the moon, fertility in. 
plants, animals and man, storm-power and water-power were deified 
‘and worshipped in various places as gods. In the period of Babylonian 
ascendancy, the storm-gods Enlil and Ninib give place to two new 
deities, Marduk, the sun- and water-god, the source of wisdom, and 
Nergal, representing the sun’s destructive power, the god of pestilence, 
famine, war and death. Ninib was the ancient god of healing, and 
with him was always associated his consort Gula.* 

But in the period of Assyrian domination, the mother-goddess 
Ishtar, as the consort of Ashur, a great god of the Assyrian pantheon, ~ 
becomes the central figure of the Assyro-Babylonian culture. The 
ascendancy of Ishtar as mother-goddess is an index of the strong 
matriarchal element which prevailed in the Assyro-Babylonian period, 
an influence which, as Morris Jastrow points out, is characteristic 
of all ancient Semitic civilizations. Ishtar, identical with the planet 
Venus in Babylonian astrology, the Ashtoreth of the Canaanites, 
the Astarte of the Phoenicians, may be equated with Rhea and Hathor, 
the mother-goddesses of Crete and Egypt, or with the alma genetrix 
of Rome. Ishtar represents the generative principle in nature, 
“the mater magna who gives birth to everything that has life.” She 
presides over fertility in vegetation, animals, and man, is simulta- . 
neously the goddess of love, of war and storms, the protectress of 
flocks and the universal nurse of mankind. In the votive figurines 
which have been found, she is represented as a nude figure of comely 
aspect, usually suckling a child supported on her left arm. 


* Por a full account of the Babylonian mythology, see M. Jastrow: “ Aspects 
of Religious Belief and Practice in Babylonia and Assyria,’ New York (1911). 
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In a civilization with undoubted matriarchal tendencies, there is a 
strong presumption that children will be not unkindly treated. Baby- 
lonian alabaster dolls exist, and are remarkable for beauty. From 


Fig. 2.—Terra-cotta reliefs and figurines of Ishtar (Babylonian mother-goddess). 


the items listed in the Assyro-Babylonian group in Sudhoff’s Catalogue 
of the Dresden Hygienic Exhibit (Historical Section), we get some idea 
of the degree of civilization of these remarkable peoples. 


Reliefs and bronzes show King Ashurbanipal and his queen dining in the open — 
under a grape-arbor (621); the interior of a Babylonian tent, in which beds are 
made, flies are driven away, and tables with low seats are set for dining (621); 
King Ashurbanipal under a parasol held by eunuchs (731); Sennacherib under a 
parasol in a deer-park, with a coach drawn by men (732); boxing to the accom- 
paniment of drums and ecastanets (742); riding and hunting scenes (742-3); 
swimming with bladders (745-6); the transportation of a huge stone colossus in a 
vehicle drawn by men (758); business archives and contracts in cuneiform char- 
acters on clay tablets (788-803), and the slipper-shaped coffins, capsule tombs and 
fan-shaped sarcophagi for disposal of the dead (807-845). Among the medical 
and pediatric items are the duties of a nurse, from the Code Hammurabi (611); 
the remarkable Babylonian wells, drainage pipes and latrines (636-648); pre- 
scriptions for cult-cleanliness (650); rites for the purification of a city contami- 
nated by excreta of sick people (650); children’s clothing in the time of Ashur- 
banipal, from a relief at Nineveh (675); a woman suckling her child, from a Hittite 
relief (705); fly-flaps (716-18); laws against the injury of pregnant women (736); 
physicians’ seals (762-3); cuneiform prescriptions for a skin disease (765); models 
of the liver (766-7); amulets (779-80); vultures as scavengers of the battle-field, 
with collection of the fallen dead in a common pit (806), and children’s coffins 
(816-17).* 


In the Code of Hammurabi (2250 B.C.) we find the strongest 
evidence of equitable dealing with women and children in Babylon. 
The Code-Hammurabi is perhaps the oldest codification of laws known. 
In simplicity and directness of statement it is a model of what a law- 
book should be. There is no pettifogging or obscuration; everything 
is expressed with such unmistakable clearness that it could be understood 
even by the unlettered and ignorant. There are some harsh rigors and 


*Sudhoff: Dresden Catalogue (1911), pp. 20-28. 
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the lex talionis (‘an eye for an eye, a tooth for a tooth”) is prominent, 
but with inexerable fairness. 

Adultery, seduction, rape and incest were punishable by death. The loss of 
any part of the body in an assault was punished by the loss of the same part in the 
offender. If a son denied his parents, his tongue was excised (192); if he hated 
them, he lost an eye (193); if he struck his father, his fingers were cut off (195); 
if a nurse allowed a suckling to die on her hands and substituted another, her 
breast was amputated (194); if a man struck a pregnant woman producing mis- 
carriage, he had to pay the expenses to ten silver shekels (209); if she died, the 
offender’s daughter was put to death (210). A man in debt might sell his ‘wife, 
son or daughter or bind them out for service for three years, after which they were 
free (117). If a man put away a wife or concubine, he must make good her 
dowry; if she had children, their support was assured (137-8). If a wife died, 
her dowry went to her children (162); if she had a successor, the children of the two 
marriages inherited the dowries of their respective mothers and an equal share of 
their father’s effects (167). Property deeded to a widow by her husband could 
not be sold but went to her children after her death (171). The children of a 
slave (father or mother) were free, if the other parent was free (171, 175). Ifa 
woman married twice, she inherited a son’s full share of his estate (180). An 
adopted child could not be claimed by anyone (185). If an adopted son were not 
fairly treated, he might return to his father’s house (189-190); an adopted child 
could not be disinherited by its foster parent, unless he received one third of a son’s 
portion in advance (191).* 


Thus the attitude of Babylon toward women and ‘children was 
that of a nation of lawgivers. They were severely punished for 
infractions of the Code, but otherwise treated with absolute, unswerv- 
ing justice. Long before Hammurabi, King Urukagina did much for 
the maintenance of the family by abolishing the briberies connected 
with the divorce laws. Mothers were pensioned that their children 
might be educated. Women could hold property and maintain 
their property rights. The signature of the queen was added to 
that of the king in all public documents. In a statistical table of the 
time giving the provisions made for women attached to the temple of 
Bau, 552 women, 132 girls and 97 boys are enumerated. The pre- 
ponderance of the female element shows that there was no prejudice 
against girls nor any female infanticide. The Sumerian family seldom 
included more than four infants. The Assyrian Doomsday Book 
(Liber Censualis) of the 7th Century B.C. enumerates 68 husbands 
with 94 wives, 74 sons and 26 daughters, but in some of the families, 
there were three daughters to one son. Most of the families were 
limited to one or two sons, which suggests birth control, but not female 
infanticide.| The modesty of Babylonian art has been noted by Ward. 
In the items of female costume listed by Sudhoff in his Dresden Cata- 
logue (652-705), there is no evidence of deliberate exposure of the 
breasts, as in Egypt, primordial Crete or even Hellas. Women were 
well covered by the Sumerian mantles and Semitic plaids, which were 
wrapped about the body in terrace-fashion. The comeliness of the 
Babylonian female figurines and dolls suggests the kind of lively 
appreciation which leads women to conserve their beauty. 


*R. F. Harper: “The Code of Hammurabi,’’ Chicago (1904), passim. 
+ G. K. Payne: ‘‘The Child,” New York (1916), pp. 95-105. 
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Herodotus describes the Babylonians as having no physicians, the 
sick being placed in the market place to receive the advice of every 
passer-by. But the rigorous regulation of medical fees in the Code 
Hammurabi suggests an advanced stage of specialization in medical 
practice, even in remote antiquity (2250 B.C. ibe essential fea- 
tures of Babylonian medicine were the attribution of each disease 
to a special demon; diagnosis by inspection; prognosis by divina- 
tion, liver-inspection (hepatoscopy), birth omens, disease omens 
and astrological portents; therapy by exorcision and exhibition of 
‘herbal remedies; prophylaxis by incantation (Jastrow).* In the 
Sudhoff Catalogue, there are listed bronze figurations of Utukku, the 
demon of the throat disease, possibly diphtheria (775a), and exorcisms 
against Labartu, the demon who threatens the lying-in woman and her 
new-born child (776-783). In a bronze tablet, described by Morris 
Jastrow, there are seven demons of disease, terrible in aspect, and 
Labartu appears as a horrible figure “holding a serpent in each hand, 
with swine sucking at her breasts.’”’ Exorcisers, clad in the robes of 
the god Ea, stand at either end of the sick bed, sprinkling the patient 
with some compound to drive the particular demon away.f The terra 
cotta models of sheeps’ livers for divination, some of them 3,000 
years old, divided off into squares, with prophetic inscriptions, are 
better examples of anatomical illustration than the five-lobed livers 
of the medieval anatomists. The liver was the source of blood and the 
seat of the soul, and to see into the soul gave insight into the mind of 
the god, when enterprises of moment were contemplated. 

The Babylonian birth omens, of which the study of physiognomy 
and phrenology were by-products (Jastrow), were connected with the 
primitive awe for ‘‘the mysterious phenomenon of a new life issuing 
from another.’ Babylonian pediatrics was, in fact, mainly con- 
cerned with this variety of prognostication. Any abnormity or mon- 
strosity in an infant or an animal at birth was prognostic of its future 
welfare. ‘‘An abnormally large organ pointed to extension, to power, 
to success; an abnormally small one to weakness, disease and failure”’ 
(Jastrow). This is in agreement with Adler’s psychological theory 
of “organ inferiority”’ as a cause of mental depression and discourage- 
ment. Abnormality or hypertrophy on the right side concerned the 
patient, on the left side his enemy. The Babylonian birth omens 
have been studied by Boissier (1894), Jastrow (1913) and Dennefeld 
(1914). A few specimens, from Jastrow’s study are subjoined: 

pee a woman gives birth to twins in an abnormal condition, the land will 
perish, the house of the man will be destroyed. 

“Tf a woman gives birth to two girls, the house will be destroyed. 

“Tf a woman gives birth and the right ear is small, the house of the man will be 
destroyed; if the left ear is small, the house of the man will be enlarged; if both ears 
are small, the house of the man will be overthrown. 


My a woman gives birth and there are six toes on the right and on the left foot, 
the children will encounter misfortune. 


= M. Jastrow, Proc. Roy. Soe. Med., Lond., vii (1914), pp. 109-176, passim. 
{ lbid., p. 137. 
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“Tf a woman gives birth and the child has a lion’s ear, a powerful king will 
rule the land. 


Dale a woman gives birth and the upper lip rides over the lower one (agnathy), 
he will attain favor.’’* 

While these omens, as in the savage, suggest a motive for infanti- 
cide, yet it seems probable, given the Babylonian’s regard for the 
inexorable and irrevocable in law and accomplished fact, that infanti- 
cide in itself was not regarded as releasing the land or the individual 
from the ineluctable fate contained in the specific omen. 

There were also omens of the same kind connected with the inter-’ 
pretation of peculiarities in disease, or the symptoms of disease. 

In the treatment of disease, a pain in a definite locality implied 
that a demon was eating that locality; a symptom like fever or head- 
ache implied that the part affected was ‘‘seized’”’ by the demon. In 
the Middle Ages, this Babylonian concept of seizure or possession 
by demons (szbtu) was still applied to epilepsy (bennu). Epilepsy 
was then regarded as contagious and there were actual isolation 
hospitals for epileptics in the medieval period (Sudhoff). Babylonian 
therapy was of two kinds, that in which exorcism and incantations were. 
secondary to the exhibition of remedies, and that in which the use of 
drugs was subordinated to magic rites (Jastrow). Over three hundred 
drugs were known and divided, Jastrow believes, into organic (shammu) 
and inorganic (abnu). Thus a cold in the stomach (gastritis) was 
treated by drinking a decoction of licorice and six other drug simples 
in wine, night and morning; the patient was then taken into a boat and 
incantations were pronounced over him. As alternatives, the white 
meat of pork was sucked, to coax the demon out, salt and water 
were taken with the food, a kneeling posture, to relax the muscles of 
the abdomen, was assumed, hot or cold water was poured over the 
body, to stimulate the circulation, and even postures and rolling were 
employed.t Nauseating remedies were sometimes given to disgust 
the demon. Dietetic schemes were followed in digestive disorders. 
Massage was known and employed. The principal diseases known 
were those of the liver or gall-bladder (jaundice), the eye, the heart, 
the stomach, also rheumatism, neuralgia, and the mangu disease, 
which was probably diphtheria. 

Strongly suggestive of the Consilia of the Middle Ages are the 
following letters (cited by Jastrow) from the physician Arad-Nanéa to 
the King Assurbanipal on certain ailments of his little son.f In each, 
Ninib, the god of healing and his consort Gula are invoked. : 

“Arad Nan to the king My Lord, Thy servant Arad Nana. Hearty greetings 
to the king, My Lord. May Ninib and Gula grant happiness and health to the 
king My Lord. ' 

Hearty greetings to the little chap whose eye causes him trouble. I put a 

*M. Jastrow: “Babylonian-Assyrian Birth Omens and Their Cultural Sig- 
nificance,’ Giessen (1914), passim. ; 

+ Jastrow, Proc. Roy. Soc. Med. Sect. Hist. Med., Lond., vii (1914), pp. 
131-133. : 

t Ibid., pp. 147-149. 
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bandage on his face. Yesterday, towards evening, I took off the bandage that 
had been applied, removing also the dressing below, and there was blood in the 
dressing as much as the point of a little finger. To whichever one of thy gods this 


is due, his command has surely been heeded. } 
Hearty greetings. Let the kmg My Lord rest assured; in seven or eight days 


he will be well.” 


The second deals with epistaxis: 


“Hearty greetings to the king’s son. The treatment which we prescribe for 
him is to be given every two-thirds of a double hour during the day. 

In regard to the bleeding of his nose about which the Rab-Mugi has reported 
to me that yesterday toward evening there was much bleeding, those dressings are 
not properly applied; they have been placed upon the ale of the nose, obstructing 
the breathing, while at the same time the blood flows into the mouth. Let the 
nose be plugged up to the back so that air will be held off and the bleeding. will 
cease. If it please the king I will come to look at it tomorrow. Meanwhile, may 
T hear good news.” 

It is plain that royal physicians in the reign of Sardanapalus (668-626 
B.C.) were what they are today. 

In preventive medicine, the Babylonians had an eye to the harm- 
ful effects of insects, worms and parasites. They made long lists 

‘of them on clay tablets (Sudhoff, item 804), and even classified them. 
A cylinder seal in Pierpont Morgan’s collection bears the ‘ Fly- 
Symbol” of Nergal, the Mesopotamian god of disease and death. 
“‘Swatting the fly’? appears to have been a Babylonian institution. 
Sudhoff’s Catalogue includes a fly-flap as part of the trousseau of 
a Mitanni princess (716); a Hittite relief of a servant by the dinner- 
table with a fly-fan (718), and a Persian relief of a fly-flap of the 
time of King Darius (730). That children of the better class were 
similarly protected there can be little doubt. 

The medicine of ancient Persia was limited to casting out the 
demons of disease, herbal therapy and the Zoroastrian rites of purifi- 
cation and cult-cleanliness. In such a system, pediatrics never even 
attained the gerundive mood of being about to be. 


INDIA 


In ancient India, as we have seen, the warrior-gentleman pre- 
dominated, the caste system was rigid, the status of women was low, 
abortion and infanticide were common. 

In the earliest Sanskrit texts, medicine is entirely theurgic, made 
up of spells and incantations against the demons of disease. The 
Rig Veda (1500 B.C.) is the folk hymnal of the Aryans of Northwestern 
India at the time of their successive westward migrations. In this 
great folk-song, women enjoy an elevated position similar to that in the 
Homeric poems. Beautiful hymns were chanted in their praise. 
Husband and wife were on a footing of equality as “rulers of the 
household,” and there is no evidence of the burning of widows. Beef 
and beer from the juice of the soma or moon-plant (Asclepias acida) 
were the foods of these hardy nomads. The hymns of the ninth book 
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of the Rig Veda, which is taken up with the deification of the soma as 
“overlord of plants,” are called pavamani or “ purificational”’ because 
they were recited while the juice expressed from the plant was clarify- 
ing. That physicians were employed and paid for their services in the 
time of the Rig Veda is evidenced by Neuburger’s citations to the effect 
that the physician hopes to get by his cures “horse, cattle and clothes;”’ 
also, ““The waggoner desires wood, the doctor sickness, the Bree 
libations. “* The tenth book of the Rig Veda contains a larpor number 
of verses dealing with superstitious practices. About 1,350 of these 
are also found in the Atharva Veda Samhita, which belongs to a much 
later period, and consists mainly of spells and incantations. Many of 
the mantras or sacred sayings of the Atharva Veda are medical in 
character. This text may therefore be taken as representative of the 
germinal Vedic period (1500-800 B.C.) when medicine and magic were 
synonymous. 

Employing Whitney’s translation} a few pediatric charms of the 
Atharva Veda will suffice to illustrate this phase of our subject: 


For WELFARE AND Lone Lirk or an Inrant (ii, 13) 


1. “Giving life-time, O Agni, choosing old age, ghee-fronted, ghee-backed, 
O Agni, having drunk the sweet pleasant ghee of the cow; do afterward defend this 
boy as a father his sons. 

4. Come, stand on the stone; let they body become a stone; let all the gods 
make thy life-time a hundred autumns. 

5. Thee here, of whom we take the garment to be first worn, let all the gods 
favor; thee here, growing with food growth, let many brothers be born after, as 
one well born.” 


Acatnst Worms (v, 23) 


2. ‘O Indra, lord of riches, smite thou the worms of this boy; smitten are all 
niggards by thy formidable spell. 

3. What one creeps about his eyes, what one creeps about his nostrils, what one 
goes to the midst of his teeth—that worm we grind up. 

5. The worms that are white-sided, that are black with white arms, and what- 
ever ones are of all forms—those worms we grind up. 

6. Up in the east the sun, seen of all, slayer of the unseen, slaying both those 
seen and unseen, and slaughtering all worms. 

9. The three-headed, the three-humped, the variegated, the whitish worm— 
I crush the ribs of it; I hew at its head. 

13. Both of all worms and of all she-worms I split the head with a stone, I 
burn the mouth with fire.” 


For Brirru or Sons (vi, 11) 


“In the male, indeed, grows the seed; that is poured along into the woman; 
HS verily i is the obtainment of a son; that Prajapati said. 
3. Prajapati, Anumati, Sinivali hath shaped; may he put elsewhere woman- 
birth; but may he put here a male.” 
To Guarp A Pregnant WomMAN FROM Demons (viii, 6) 
9. “Whoever makes this woman having a dead child, or a miscarriage, him, 
O herb, do thou make disappear. 


* Neuburger: ‘History of Medicine.” ‘Transl. by E. Playfair, London, i (1910), . 


45. 
a + W. D. Whitney: Atharva-Veda Samhita (Harvard Oriental Series, vols. 


vii-viii), Cambridge (1905), passim. 
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18. Whoever shall handle thy embryo, or shall make it born dead—let the 
brown one, with formidable bow, make him pierced to the heart. 


Acatnst Various Dispases (ix, 8) 


1. “Headache, head-ailment, earache, anemia, every head disease of thine, do 
we expel out of thee by incantation. 

21. Forth from they feet, knees, hips, buttocks, spine, nape, the pains from 
they head, the disease have I made disappear.” 

In the Brahministic period (800 B.C.—1000 B.C.), Indian medicine 
attained its height. Well-trained physicians, descended on the 
father’s side from Brahmins, belonged to an exalted mixed caste. 
The center of medical training was the sacred city of Benares, the 
seat of Brahministic learning. Aryan medicine in this period is 
remarkable for the highest development of surgery in antiquity, 
for a highly elaborated vegetable materia medica and poison-lore, 
including the use of hyoscyamus and Cannabis indica as soporifics in 
surgery, and a definite recognition of such facts as the symptoms and 
sweetish urine of diabetes, the transmission of malarial fever by 
mosquito-bites and the relation between bubonic plague and rats. 

The three basic texts of Brahminical medicine are the works of 
Susruta (2nd Century B.C.) Charaka (Ist Century A.D.), and 
Vagbhata (7th Century A.D.). It is in Indian medicine that we 
encounter for the first time a reasoned, consistent body of pediatric 
doctrine. Taking the Susruta Samhita as the most representative 
scripture, we find a well-defined section on pediatrics in the chapter on 
pregnancy.* After severing the umbilical cord, the baby’s face is 
sprayed with cold water, and it is allowed to lick an electuary of honey, 
clarified butter, gold-dust and the expressed juices of Brdhmi leaves 
and Ananté from the ring-finger of the feeder. The body of the infant 
is then anointed and bathed with infusions of certain barks, or with 
decoctions of certain leaves or drugs, or in water in which red-hot gold 
or silver bars have been immersed, according to the season or the 
physical condition of the child. Breast-feeding is postponed until the 
fourth day after birth. Prior to breast-feeding, the necessary evacua- 
tion of the meconium is attained by the simple device of giving a little 
honey, a procedure afterward standardized by Rufus and Soranus of 
Ephesus; its razson d’étre was apparently that of the ‘sugar diarrhea” 
of Orgler, Allen, Talbot and other metabolists. On the first day, the 
baby is fed at morning, noon and evening with a child’s handful of 
clarified butter and honey mixed with pulverized Ananta roots, sancti- 
fied by the recitation of mantras. On the second and third days, the 
diet is clarified butter prepared with the Lakshand root. On the fourth 
day, the child is given its own handful of honey and clarified butter at 
morning and noon; in the evening, the mother squeezes off a quantity 
of her own milk and gives the child her breast. The infant is wrapped 
in silk, laid on a bed covered with a silken sheet, and fanned with the 
- branches of certain trees. A thin pad, soaked in oil, is kept constantly 


* An English Translation of the Sushruta Samhita, Calcutta, ii (1907-16) 
pp. 221-232. 
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on its head, and its body is fumigated with the fumes of mustard, or 
other drugs, to avert evil spirits. The same drugs are also tied 
around its head, neck, hands and feet, for this purpose, and the floor 
of the lying-in room is strewn with pounded sesamum, mustard and 
linseed. On the tenth day of its life, the rites of benediction are 
performed, and the child is named. A wet-nurse, when required, 
is selected from the matrons of the child’s own caste. She shall be 
neither too young nor too old, too thin or too corpulent, of sound health 
and good character, ‘‘of an affectionate heart and with all her children 
living,” nowise addicted to gambling, debauchery, day-sleeping, etc. 
The breasts should be neither pendulous nor contracted, the milk 
plentiful and of good quality. Upturned or unprominent nipples may 
deform the child’s mouth; flabby, pendulous breasts may suffocate it. 
At nursing, on an auspicious day, the child, its head well-washed, is 
laid on the woman’s lap, wrapped in clean, untorn linen, with its face 
to the north while the nurse looks to the east; a small quantity of milk 
is pressed out of the right breast, and before lactation the breast is 
washed and consecrated by the recitation of the following mantras, as 
part of the rite: 


“© thou beautiful damsel, may the four oceans of the earth contribute to the 
secretion of milk in thy breasts for the purpose of improving the bodily strength 
of the child. O, thou, with a beautiful face, may the child, reared on your milk, 
attain a long life, like the gods made immortal with drinks of ambrosia.” 


If a careless or inexperienced wet-nurse is employed, one who does not 
press out the superfluous milk before suckling, the child may be 
troubled with coughing, suffocation or vomiting. If there is loss 
or suppression of milk in the mother, from anger, grief or lack of 
affection for her child, her equanimity should be restored and a 
flow of milk brought on by a generous diet. of rice, barley, wheat, 
wine, sesamum-paste, garlic, fish, lotus-stalk, etc. Breast-milk 
is tested by casting it in water. Pure and healthy milk is thin, cold, 
clear, the color of a conch-shell, easily miscible with water, neither 
floating nor sinking, and producing neither froths nor shreds. The 
child should not be permitted to suck from the breast of a woman 
who is hungry, aggrieved, tired, feverish, pregnant, who has a bad 
digestion, acid stomach, or is otherwise unhealthy ; if medicine has to be 
administered to the child, it should not be suckled until the drug 
is assimilated. 
In the diagnosis of infantile diseases, it is noted that the child 
constantly touches the part affected or cries at the least touch of it. 
If the disease is in the head, the child cannot raise it or move it about, 
and remains with its eyes closely shut. If the bladder is affected, there 
is retention of urine, thirst, pain and occasional fainting spells. If 
there is trouble in the colon, the affection is indicated by retention of 
urine, constipation, discolored complexion, vomiting, distention of the 
abdomen and gurgling of the intestines (colonic impaction or Hirsch- 
sprung’s disease). Constant crying indicates a general infection or 
diathesis. Diseases of all kinds, which might affect children, are 
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described in other parts of the Susruta, in particular ‘spleen belly” 
(enlargement and displacement of the spleen), ‘‘liver-swelling,’’ vertigo, 
epilepsy, hemicrania, tetanus, malarial fever, cholera, smallpox, 
intestinal worms, skin and venereal affections, but as Neuburger 
observes, the innumerable varieties of these diseases indicate that each 
was “nothing but a vague symptom-complex, which, upon the slightest 
deviation from its supposed type, dissolved itself to reappear In a 
number of fresh categories.”* As with the Egyptians and the Baby- 
lonians, many ailments of the eyes, teeth, ears, head, and heart were 
ascribed to the presence of “worms” and treated with charms. The 
various remedies recommended for different diseases in the Susruta 
are usually recommended for the same diseases in infants and children, 
but in doses of milder potency. In such instances, the dose is ad- 
ministered either through the vehicle of milk and clarified butter, or 
by the nurse who swallows the remedy herself, so that the child may get 
the effect through the breast-milk; or else plasters it as a paste over her 
breasts. If the child is living on solid food, the remedy is administered 
asa decoction. A small pinchful of medicine may be given to an infant 
at the end of its first month of life, if necessary. There are indications 
of dosage to suit the age of the child. If the child is fed on milk and 
rice, medicated pastes the size of plum-stones are given; if it feeds on 
rice or other solid foods, the dose is the size of aplum. If anursling 
has fever, it should not be allowed to suck, lest thirst develop. Purga- 
tives and emetics are forbidden, unless a disease threatens to take a 
fatal turn. A swollen and painful umbilicus (twndz) is treated by 
applying fomentations, medicated oils, etc. Special infantile elixirs, 
prepared by cooking clarified butter with decoctions of various vege- 
table principles are given to infants fed on liquid, semisolid or-solid 
foods. The infant should be carefully handled, never scolded nor | 
roused suddenly from sleep. It should be fondled and amused with 
toys, and never taken up or laid down suddenly. It should not be 
made to sit upright too early, for fear of deformation. It should not 
be exposed to rain, the glare of sunlight or lightning, heat, smoke or 
dust, nor should it be left under a tree, a vine, in low-lands, in lonely 
houses or caves. The child should always be kept in the inner part of 
the house, and to protect it from the malignant influences of evil stars 
and occult powers, religious rites are performed. 

Such are the principles of pediatrics in the Brahminical period of 
Indian medicine, a clear, rational body of doctrine which is not excelled 


by that of any other race or nation before the Greeks or the later 
Europeans. 


_ * Neuburger: “History of Medicine,” London, ii (1910), p. 56. The tendency to 
give to symptoms and syndromes the dignity of definite diseases or “clinical entities,”’ 
standing upon their own feet, impeded the progress of medicine for a long time sane 
is still chronic in certain quarters. The tendency is amusingly illustrated in the 
228 varieties of syphilis listed by Brassavola. See C. G. Gruner ““Morborum 
Antiquitates,”’ Breslau (1774), pp. 85-100. 
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The facts and findings of Jewish medicine were never cast into 
the form of a definite canon, or scripture, but are scattered throughout 
the Old and New Testaments and the Talmud. What we know of the 
subject is due to the synthetic work of Thomas Bartholinus, Richard 
Meade, J. B. Friedreich, A. H. Israels, Julius Preuss, W. Ebstein and 
other scholars. The main features of Biblical medicine (Old Testa- 
ment) are a clear recognition of contagion as a fact, with the institu- 
tion of prophylactic measures against certain infectious diseases by the 
high priests (as medical police), the rigid regulation of sexual hygiene, 
with medico-legal expertise by the priests, and the institution of the 
Sabbath as a weekly day of rest. In Talmudic medicine, the presence 
of an epidemic disease in a community was actually announced by 
blast of trumpet. Apart from the foundation of preventive medicine, 
the ritual hygiene and cult-cleanliness of the Hebrews were indeed 
remarkable, but are attributable to the interaction of several cultures 
in the 8th-6th Centuries B.C., or (in a dictum of Huxley’s) ‘only 
one of several sporadic indications of some powerful mental ferment 
over the whole of the area comprised between the Aigean and Northern 
Hindustan.” ‘‘What are today considered fixtures of ancient Semitic 
cult-hygiene,” says Sudhoff, “originated almost exclusively after the 
Exodus, therefore after the time during which the people of Israel had 
been exposed for decades to the influence of racially and intellectually 
kindred civilizations along the Euphrates and the Nile.”’ Personal 
hygiene with intention, including athletics and cult-cleanliness, was 
largely Greek in origin. ‘‘Even ritual uncleanness of women,’ 
Sudhoff insists, “is ancient property of Greece.” 

In the Old Testament, diseases is attributed not to demons but to 
the wrath of God, who alone can confer health. In the New Testa- 
ment, demons are sometimes exorcised in certain cases of ‘‘ possession.” 

Modern civilization flows from two main streams of culture, the 
Hellenic and the Hebraic. Hellenism gave us science, art, and the 
principles of good taste; Judaism gave us religion and certain ethical 
principles for regulating the conduct of our lives which are the basis of 
all ultimate strengthening and refinement of character. That the 
Hebrews set great store by children is everywhere apparent. In the 
Bible, children are a blessing; childlessness is a curse. 


“The children which God hath graciously given Thy servant’? (Genesis, 
Xxxili, 30). Sires, 
‘Write ye this man childless, a man that shall not prosper in his days’”’ (Jere- 


miah, xxii, 30). itr 
“To, children are an heritage of the Lord; and the fruit of the womb is his 


reward” (Psalms, exxvii, 3). 
“Children’s children are the crown of old men” (Proverbs, XVII, 6). 


- Tacitus (History, V, 5) ascribes the prohibition of infanticide among 
the Jews to their desire to increase the population.* Male children were 


*Lecky, “History of European Morals,” New York, ii (1869), p. 28, footnote 1. 
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especially valued, as future priests or soldiers, and a bright, sagacious 
boy was the joy of his parents: 


“A wise son maketh a glad father; but a foolish son is the heaviness of his 


mother” (Proverbs, X, 1). 
“He that begetteth a fool doeth it to his sorrow; and the father of a fool hath 


no joy” (Proverbs, XVII, 1). 
The feeling of all ancient civilizations against female offspring is sensed 
in the impressive words of Jesus Sirach (XLII, 9): 


‘A daughter is to her father a secret sorrow: care for her welfare robs him of 
his sleep; in her youth, that she may not fade; in wedlock, that she be not hated; 
in the time of her virginity, that she be not dishonored, nor become pregnant In 


her father’s house; in her betrothal, that she become not frivolous; in her married — 


life, that she be not sterile.”’ 


Under the stern moral and religious code of Israel, child-life was hedged 
in from the start by a veritable quickset of interdictions and inhibitions, 
which, as evident from the New Testament; were carried over into 
Christian doctrine. These teachings made for integrity and strength 
of character, but rendered the child’s life dreary through the prag- 
matic character of their ethical intention. The child wishes to live 
uninhibited in an ideal frictionless medium, but even at the tenderest 
age, it has to learn that it cannot. 

“Even a child is known by his ways; whether his work be pure and whether 
it be right”’ (Proverbs, XX, 11). 

“Train up a child in the way he should go; and when he is old, he will not 
depart from it”’ (Proverbs, XXII, 6). 

“A fool despiseth his father’s instruction”’ (Proverbs, XV, 5). 

‘‘Children obey your parents’’ (Ephesians, VI, 1; Colossians, III, 20). 

“One that ruleth well his own house, having his children in subjection with all 
gravity” (Timothy, III, 4). 

“We have had fathers of our flesh which corrected us” (Hebrews, XII, 9). 

“Likewise, ye younger, submit yourselves unto the elder’? (Hebrews, V, 5). 

“Now I say that the heir, as long as he is a child, differeth nothing from a ser- 


vant, though he be lord of all. But is under tutors and governors until the time 
appointed of his father” (Galatians, IV, 1-2). 


In the older texts, rebellious or refractory children are viewed with the 
severity of the Code Hammurabi. 
“And he that smiteth his father or his mother, shall be surely put to death” 


(Exodus, XXI, 15). 


“Cursed be he that setteth light by his father or his mother’? (Deuteronomy, 
XXVII, 16). 


“The eye that mocketh at his father, and despiseth to obey his mother, the 


ravens of the valley shall pick out, and the young eagles shall eat it”’ (Proverbs, 
XN La) 


““Whoso curseth father and mother, let him die the death” (Mark, VII, 10). 


In Deuteronomy (XXI, 18-21), a stubborn and rebellious son shall be 
stoned to death by the elders of the city. The little children who 
mocked the baldness of Elisha were cursed by the prophet, and forty- 
two of them were torn by two she-bears that came out of the wood 
(II Kings, II, 23-24), 

Instances of sacrifice of the first-born, as in the case of Abraham and 
Isaac (Genesis, XXII), or of Mesha, king of Moab, who sacrificed the 
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eldest son of the king of Edom (II Kings, III, 27), evidently go back 
to remote antiquity; for, as with the Greeks and Romans, this rite was, 
in time, modified by the substitution of some animal as a scapegoat. 
The hideous rite of passing children through the fire to Moloch was of 
Phoenician origin, and practiced by the Carthaginians. It fell upon 
Israel through the insidious effect of contact with the idolatrous ritual 
of barbaric peoples. Thus, Ahaz, king of Jerusalem, “burnt his 
children in the fire, after the abominations of the heathen whom the 
Lord had cast out before the children of Israel” (II Kings, XVI, 3; 
II Chronicles, XXVII, 3). Manasseh, who ruled fifty-five years in 
Jerusalem, “made his son pass through the fire.’ The practice was 


‘severely denounced in the fulminations of the Hebrew prophets: 


“For when ye offer your gifts, when ye make your sons to pass through the 
fire, ye pollute yourselves with all your idols, even unto this day’’ (Ezekiel, XX, 
31) ‘ 


“Against whom do ye sport yourselves? Against whom do ye make a wide 
mouth, and draw out the tongue? Are ye not the children of transgression, a 
seed of falsehood, 

Inflaming yourselves with idols under every green tree, slaying the children 
in the valleys under the clefts of the rocks?” (Isaiah, LVII, 4-5). 

“Yea, they sacrificed their sons and their daughters unto devils, and shed 
innocent blood, even the blood of their sons and daughters, whom they sacrificed 
into the idols of Canaan: and the land was polluted with blood”’ (Psalms, CVI, 
37-38). 


Our knowledge of ancient Jewish pediatrics is mainly drawn from 
that great body of scholastic and mystic commentation on the five 
books of the Mosaic law (Torah or Pentateuch) which began to 
accumulate after the Babylonian captivity (536 B.C.) and which makes 
up the Talmud. In contradistinction to the written law of the Torah, : 
the Talmud consists of the law transmitted by verbal tradition 
(Mishna) with its many interpretations and commentaries (Gemara). 
There are two Talmuds: The Palestinian, completed 370-390 A.D., 
and the Babylonian, completed 352-427 A.D. The Babylonian 
Talmud is the Talmud of ordinary reference. 

In the Talmudic ritual which attended the ushering of the new-born 
child into the world, there is evidence of ancient practice, and also of 
superstition. If the child was born with a caul, it was a sign of good 
luck. If it was a boy, he was greeted with the phrase: “A blessing 
has come into the world;” if it was a girl, ‘‘the walls wept.’”’ A cedar 
tree was planted at the birth of a boy; a pine tree for a girl. The 
Shema or Psalm XC was read in the presence of the children of the 
community for the protection of the new-born. There were visitations 
to the infant boy on the first Sabbath of his life. In Talmudic times, 
the infant was weighed and its body-weight in coins was given to the 
poor. Amulets and charms, such as the suspension of Torah scrolls or 
verses of the Psalms over the bed, or the chalking of circles on the wall 
or the floor of the lying-in room, were in evidence. The cradle was 
sometimes hung with bells to ward off evil, a feature of the amulets of 
modern Spain. The ceremonial of ‘‘redemption of the first-born”’ 
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came on the thirty-third day after the birth of a male, and the sixtieth 
day after the birth of a female. The child’s hair was not cut until 
its fourth birthday, lest it acquire an elf-lock. Its religious instruction 
began in the fourth year. It had to learn the Torah at five, the Mish- 
nah at ten, and “fulfilled the whole Law” at thirteen. Girls as well as 
boys were sent to the synagogue, where both were kept apart, as 
showirig scant reverence through their playful impulses. Swimming 
and handicraft were taught, but the Jewish children acquired their 
games from the people among whom they were living.* The cradle- 
songs usually enjoin upon the infant that it study the Torah. The 
following little berceuse, translated from the Yiddish in the Jewish 
Encyclopedia,{ has the spirit of ‘‘A Child’s Garden of Verses,” and 
suggests that bears were fearsome objects to Eastern European 
children: 


“Beggars and bears are all around; 
They even walk around outside, 
And if they find pretty girls are crying 
They seize them and throw them into the well.” 


On the day after birth, circumcision was performed upon male 
children of freemen and slaves, in token of the covenant between God 
and Abraham. In Biblical times, the operation was performed by the 
mother, usually with a primitive chipped flint (Exodus, IV, 25). The 
rite was not in the nature of a sacrament, but was regarded as indis- 
pensable to consecration and purification. To be uncircumcised (arel) 
was a reproach, but an uncircumcised Jew still remained a Jew. 
Aliens had to be circumcised before they could partake of the Passover 
(Exodus, XII, 48) or marry a Jewish woman (Genesis, XXXIV, 
14-16). The rite can be performed by a physician as well as a priest. 
In the time of Josephus, it was in the hands of a surgeon (mohel). The 
rite of circumcision originated in Egypt. All that came out of Egypt 
were circumcised (Exodus, IV , 24-26), but those who came out of 
the Wilderness were not (Joshua, V, 2-9). Circumcision is a wide- 
spread custom throughout the Mohammedan world, was probably 
acquired by the Aztecs by the convection of Egyptian culture (Elliot 
Smith), {is common in Australia, Northern and Central Africa, among 
the Amazon tribes of South America and the Polynesians of the South 
Seas. Aboriginally, it is a rite of initiation or consecration of the 
generative powers at puberty. In the Jewish ritual, it has three 
stages: the excision of the foreskin (milah); the rolling back of the 
prepuce (periah), and the sucking of the wound (mezizah), which has 
sometimes exposed the infant to inoculation with syphilis. The 
necessity of circumcision in proselytes was abolished in 1892.§ 

b At birth, the Jewish child was washed in water, rubbed with salt, 
given the breast even before cutting the umbilical cord, and wrapped 

* Jewish Encyclopedia, New York, iv (1903), pp. 27-31. 

{ Ibid., p. 332. 


t Gd. Elhot Smith, ‘The Migrations of Early Culture,” Manchester (1915). 
§ Jewish Encyclopedia, New York, iv (1903), pp. 92-102. 
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in swaddling clothes. This procedure, essential in the Talmud, is 
preserved even in the imprecations of Ezekiel against Jerusalem: 

“And as for thy nativity, in the day thou wast born, they navel was not cut 

neither wast thou washed in water to supple thee; thou wast not salted at all, 
nor swaddled at all’’ (Ezekiel, XVI, 4). 
The salting of the child, which was also a custom of the Greeks; was 
thought to give it a thicker, tighter skin (Galen), with immunity 
from eruptions. Osiander thought the “salt”? was bicarbonate of 
soda, which forms a soap with the vernix caseosa. In Talmudic times, 
the new-born infant was also bathed in wine. If it made no sound, it 
was rubbed with the afterbirth. If the child did not breathe, it was, 
according to the Babylonian Talmud, swung in a swing, probably the 
method for relieving asphyxia neonatorum introduced by C. B. 
Schultze (1871). If it refused the breast, a beaker with hot coals was 
held near its mouth to stimulate the facial muscles. The swaddling of 
the child, known as laphaph in the Talmud, consisted in compressing its 
body into a rigid mummy-like mold by a system of tight bandages. 
The intention was perhaps orthopedic, as the head was also compressed 
to make it long orround. The mouth was washed to incite vomiting of 
mucus. In the daytime, the child was rocked in its cradle; at night, 
it slept with its mother, whence there was danger of suffocation by 
overlying. 

In the third month of pregnancy, it was supposed by the Greeks, 
the Hebrews and the Arabs that suppression of the menses acquired an 
economic function; the menstrual blood clouded to become milk. 
According to Jewish custom, the child was given the maternal breast 
immediately or within 24 hours after birth, even if the cord had not 
- been cut, which is different from ancient Greek and Indian practice. 
_ The ancient belief that honey purges the new-born of meconium 
is preserved in Isaiah(VII, 14, 15): 

“Behold a virgin shall conceive, and bear a son, and shall call his name Imman- 

uel. Butter and honey shall he eat, that he may know to refuse the evil, and 
choose the good.” 
Talmudic theory maintains that the child can suck all day without 
harm. The night was divided into three watches, and in the third 
watch, before dawn, the infant was given the breast. The child was 
suckled for a period of 18 months or two years. In the second book 
of Macabees (VIII, 27), a mother tells her son that she suckled him for 
three years. Rabbi Joshua held that breast-nourishment may con- 
tinue for an unlimited period, even five years, if necessary. Sarah 
suckled her son Isaac at the age of ninety (Genesis, X XI, 7-8). 
Breast-nursing was regarded as a primal duty of the mother by the 
Hebrew prophets: 

“Can a woman forget her sucking child, that she should not have compassion 
on the son of her womb*” (Isaiah, XLIX, 15). ’ 

“Byen the sea monsters draw out the breast, they give suck to their young 


ones; the daughter of thy people is become cruel, like the ostriches in the wilder- 
ness. The tongue of the sucking child cleaveth to the roof of his mouth for thirst; 
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the young children ask bread and no man breaketh it unto them” (Lamentations, 
IV, 3-4). 

If the husband of a nursing mother died, she was not allowed to marry 
again within 18-24 months, lest a new pregnancy interfere with the 
nourishment of the first child. The time limit for lactation also 
determined the minimum period within which a widow could marry. 
If the mother died, the father could provide artificial nourishment for 
his infant, but these things could not be entrusted to a step-father. 
The ancients did not credit the theory that lactation hinders concep- 
tion... The ethical ideal was that specified in Hosea (I, 8): 


“Now when she had weaned Loruhamah, she conceived and bare a son.” 


A rabbi would not allow a widow whose infant had died to marry 
until 24 months after its birth, because a certain widow had once 
made away with her child in order to marry earlier. No wife was 
required to suckle her neighbor’s child. ~If there were twins, one 
was suckled by a wet-nurse. It was adjudged shameless to suckle 
infants in public. If a husband forbade his wife to suckle her child, 
her will and pleasure obtained in the matter, since the labor and trouble 
were all her own. If she declined to suckle her infant on her own 
account, the case was decided by the custom obtaining in her family. 
If the mother was not capable of suckling, on account of sickness or 
otherwise, a wet-nurse was engaged, usually a slave or hired woman. 
As in the Alexandrian slave contracts, she was engaged for 2-3 years, 
undertook no other occupation, and suckled no other child, not even 
herown. Whether a nurse alien to the Jewish faith could be employed 
was disputed by the rabbis. She might kill the child by rubbing 
poison on her breasts. The Jewish women seldom employed alien 
nurses as their breasts were well developed. When Moses was found 
by Pharaoh’s daughter in the ark of bullrushes, his mother was secured 
as his wet-nurse by the stratagem of his father’s sister (Exodus, II, 
7-9). A wet-nurse was held responsible for the fate of the nursling. 
Like Deborah, the nurse of Rebekah, she was regarded as a member of 
the family and held in esteem, if competent. During lactation, a 
nursing woman worked little and fed well. She might take wine, but 
no articles which might spoil the milk or lessen the supply of it. Hops, 
green corn, figs, small fish, ete., were interdicted. A supply of “pure 
unadulterated milk’? was specified in the Alexandrian wet-nursing 
contracts. Both wet-nurses and nursing mothers had to observe the , 
fast-days. There is no mention of artificial feeding in the Talmud. 

The child must have milk or die. The mother’s milk was sometimes 
milked from the breasts and given in a glass or the horn of an animal, 
in the case of a new pregnancy. Sucking immediately from the udders 
of & cow or goat was customary in antiquity, as in the mytho- 
logical instances of the Egyptian cow-goddess Hathor, or of Zeus and 
Amalthea, or Romulus and Remus. Suckling from the male breast 
is recorded in one case in the Talmud. There is no evidence of the 
existence of nursing bottles, although they were employed in Rome and 
Alexandria. At the weaning of the child, the Hebrews in the desert 
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held a feast (Genesis, XXI, 8; I Samuel, I ,24-25). This practice, 
however, disappeared in Talmudic times.* 

Beyond the case of the raising of the widow’s son by Elijah (I Kings, 
XVII, 17-23), the resuscitation of the son of the Shunammite woman 
by Elisha (II Kings, IV, 18-35), which Preuss surmises to have been a 
ease of sunstroke, and the raising of the daughter of Jairus by Jesus 
(Matthew, IX, 18, 23-25), there is little mention of children’s diseases 
in the Old or the New Testament. Of the many diseases mentioned in 
the Talmud, the most dangerous to children was the askara (éoxdpa) or 
serunke (ovveyxn), that is, cynanche, squinantia (quinsy) or diphtheria, 
identical with the ‘‘ Egyptian or Syrian ulcer” of Aretaeus. So much 
was this disease feared by the Hebrews that the first case located in a 
community was immediately heralded by a warning blast of the 
trumpet, although the shofar was usually sounded, under ordinary 
circumstances, only after the third case of an epidemic disease. The 
painful struggling of the suffocating patient was regarded as the most 
terrible of the 903 known varieties of death. Rabbi Josef said that 
whoever was guilty of strangling a person to death would either be 
drowned, strangled by the heathen, or die of serunke. Rabbi Ismael 
ben R. Jose describes the disease as follows: 

“Askara is a much-dreaded epidemic disease which usually attacks children, 
is located in the throat, and kills the patient by a painful death from suffocation.” 
To avert it, there was an apotropaic diet: lentils were eaten daily, 
all food was salted and water mixed with every drink. Lentils or 
juice of lentils were recommended as a remedy by Rabbi Jochanan. 
During the Temple period, the priest on guard fasted every Wednesday 
to prevent children from catching the disease. In the Karaitic 
prayer-book, there is the following verse for Wednesday: 

“And askara, which Thou hast joined to this day: protect the children of Thy 
people from it, that it may not come into their mouths.” 

Dysentery (chéli mé ‘ajim) was also much feared, and was doubtless 
of the tropical variety. Another disease affecting childhood and youth 
was the jérdquén (pallid anemia). Heat-stroke in a three-year old boy 
at harvest time, with cerebral symptoms, has already been noted 
(II Kings, IV, 18). Biliary disorders (cholz), jaundice in particular, 
were common complaints throughout the Jewish and Mohammedan 
world. They were treated by a mixture of barley, Carthamus tinc- 
torius, and salt (Rabbi Josef). This draught, which the Gemara 
declared to be identical with the Egyptian zythos, was called “spear- 
water” (mé dequarin), because it penetrated the bile. Dropsy (hadré- 
quan), intestinal worms (kinnim), phthiriasis (rimmd), scorbutic 
stomatitis (caphdind) are features of Talmudic medicine. Beautiful 
teeth and an odorless breath were a personal ambition. tor ex ore 
annulled marriage in a woman, and annuls even a betrothal in Prussian 

* These details are derived from J. Preuss: ‘Biblisch-Talmudische Medizin,”’ 
Berlin (1911), pp. 466-477; W. Ebstein: “Die Medizin im alten Testament,” 
Stuttgart (1901), pp. 64-67; and Ebstein: ‘Die Medizin im neuen Testament - 


und im Talmud,” Stuttgart (1903), pp. 216-219. 
Vou. I—3 
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law. The foul breath of the adulteress was an observation of the 
Talmud (Numeri, r. IX, 21). To keep the breath odorless, mastix 
was chewed, pepper, cinnamon or ginger were held in the mouth, and 
the teeth were rubbed with a dry powder. Toothache and dental 
caries were treated by boring, scraping away tartar and implantation 
of artificial teeth. Gargles were given for tonsillitis and laryngitis 
(garén). Milk was drunk frankly from the udders of the goat for lung 
affections, but there are no words for “cough”’ or “‘phthisis” in 
Hebrew. The arid plains of Palestine were, from of old, inimical to 
pulmonary disease (Liebermeister).* 


HELLAS 


In the Homeric Period (950 B.C.), infants, when not exposed, 
were usually nursed by their own mothers. Thus Hecuba reminds 
Hector how she once gave him “‘the grief-lulling breast” (lad, XXII, 
82-83); Achilles is described as one “whose mother nurtured him in 
wrath’? (XVI, 203) and there is reference to Penelope as a young bride 
with ‘‘an infant boy at her breast”? (Odyssey, XI, 448). Among the 
upper classes, slave-nurses, sometimes captive women, were also 
employed. Odysseus says to his aged nurse Eurycleia: ‘‘ Why dost thou 
wish to destroy me? Thou thyself didst nourish me at thy breast”’ 
(XIX, 482), and we learn that Eurycleia had been purchased by Laertes 
in her youth for a hundred beeves (I, 9), and that she rose to high 
rank in the household, supervising the fifty female slaves (X XII, 421). 
The nurse in Homeric life was, like the nurse in ‘‘ Romeo and Juliet,” a 
member of the family, indeed the general housekeeper. Thus De- 
meter, in the Homeric hymn (141-144): 


“And truly I could fitly nurse a young infant, having him in my - 
arms, and could take care of the house and could spread my master’s bed 
in the recess of the well-built chambers, and could manage the works of woman.” 


For such service, as we learn from the same hymn to Demeter (166), 
even a slave-nurse was richly rewarded. The nurse’s duties to the 
infant were to bathe it in water immediately after birth, to wrap it in 
swaddling clothes, usually of white, purple or saffron color, with gold 
bands (Hymn to Apollo, 121), to fondle it and carry it about, and to 
suckle it until it could be fed on honey or the juice of figs. Care was 
taken to carry the child until it could stand and walk without distorting 
its limbs. It was carefully washed and dressed, and cradled in a shield, 
a shoe-shaped two-handled basket, or in a basket woven of twigs for 
winnowing corn (dxvéy), which, as being sacred to the gods, was 
regarded as a symbol of future wealth and prosperity. Dolls, rattles 
balls, animals made of clay, and other toys were provided, and stoniéa: 
designed to form the child’s mind, were told, even down to the time of 


Ridaae : “ Biblisch- : os 93 : 
Lat reuss: “‘Biblisch-talmudische Medizin,” Berlin (1911), pp. 172-433, 
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Galen (De temperamentis, II, 578). As arule, the nurse remained the 
devoted attendant of the grown-up son or daughter in after-life.* 

As set forth in the laws of Lycurgus (880 B.C.), which are said 
to have been based upon his observations in Crete, Ionia, and Egypt, 
. the children of Sparta were reared in a different manner from that 
obtaining in the aristocratic milieu of the Hiad and the Odyssey. ~ In 
Plutarch’s life of Lycurgus, we read that eugenics, or the securing of 
a vigorous parentage to offspring, was practised without any regard 
for conventional morality ; that “ children were not so much the property 
of their parents but of the whole commonwealth”; and that puny, 
ill-formed children were exposed in a chasm under Mount Taygetus, 
since it was “neither for the good of the child itself, nor for the public 
interest that it should be brought up, if it did not, from the very outset, 
appear made to be healthy and vigorous.”’ 

“Upon the same account, the women did not bathe the newborn children with 
water, as is the custom in all other countries, but with wine, to prove the temper 
and complexion of their bodies; from a notion they had that epileptic and weakly * 
children waste away upon their being thus bathed, while on the contrary, those of a 
strong and vigorous habit acquire firmness and get a temper by it, like steel. 
There was much care and art, too, used by the nurses: They had no swaddling 
bands; the children grew up free and unconstrained in limb and form, and not 
dainty and fanciful about their food; not afraid in the dark, or of being left alone; 
without any peevishness or ill humor or crying. Upon this account, Spartan 
nurses were often brought up or hired by people of other countries; and it is 
recorded that she who suckled Alcibiades was a Spartan.’’ f 


Up to the age of seven, male children were kept in the gynaeceum 
under the care of women; from 7 to 18 they were called “boys” 
(rpwrelpes from 18 to 30 “‘youths” (éppBor), at 30, they attained to 
manhood. Education of boys was mainly physical—running, leaping, 
wrestling, boxing, etc., and was conducted ina gymnasium. Dancing, 
military exercises and the chase made up the rest. At the festival of 
Diana Orthia, the flogging of certain boys (é:auacriywors) was practised 
to teach endurance to pain. Girls also wrestled, ran races, threw 
quoits, cast spears and danced in public in a state of nudity; and, as 
Sudhoff says, ‘‘the regulation of sexual life in the gymnastic exercises 
of girls was divorced from prudery and had a definite eugenic aim: 
vigorous offspring.” { Out of this stock came alike the heroes who 
fought at Thermopyle, and ‘Heaven-born Helen, Sparta’s queen,” 
whose fatal gift of beauty caused the Trojan war. 

In Hellenistic Athens, infants were wet-nursed not only by slaves 
and captives, but also by free women, usually through poverty and 
the necessity of supporting dependents in this manner. But even 
when slave-nurses were set free, they still remained in the service 
of their masters, and like the free-born woman of the metic class, 


* These details have been brought together in the graduating dissertation of 
Sister Mary Rosaria on “The Nurse in Greek Life ’’(Boston, 1917), an admirable 
summary. P 

_ ¢ Plutarch’s Lives (A. H. Clough), sub voce “Lycurgus.” ; 
¢ Sudhoff: Ann. Med. History, N. Y., i (1917) p. 112; translation of Dr. Frank 


J. Stockman. 
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received a living wage. Foreign nurses were sometimes employed by 
the Athenians. The Spartan women were usually preferred, on account 
of their robust physique and their sturdy, wholesome natures. Aris- 
totle attributed infantile diseases to faulty diathesis in the nurse 
(Historia animalium, VII, 10). Corinthian and Phrygian women were | 
also favored, and, like all metics, received compensation.* The 
practice of swaddling the infant continued down to the late Roman 
period, was described in detail by Soranus, and was carried over into 
medieval custom. It was derided by Plato, who proposes that nurses 
should be compelled 

“under penalty of a legal fine to be always carrying the children somewhere 
or other, either in the country, or to the temples, or to their relations’ houses, 
until they are well able to stand and even then they should be careful that their 
limbs are not distorted by leaning on them when they are too young. They should 
continue to carry them until the infant has completed its third year” (Laws, 
IV, 789). 


In the same passage he likens the effects of dandling and rocking 
of infants to the soothing, restful movements of a swing, horseback 
riding or the sea. Further, he says that nurses judged of the mood 
of a child by the effect of something offered it: when it is silent, 
it is pleased; when it weeps and cries out, it is angry (792). The 
use of wine, by nurse as well as child, was condemned by Aristotle 
(Politics, VII, 7), and Hippocrates says (De aere, aquts et locis, 1, 9) 
that to avoid the formation of calculus by unwholesome milk, it 
is better to give children wine copiously diluted with water, as this 
beverage tends less to burn and dry up the veins. Amulets and 
charms against witchcraft were still used, and the nurse commonly 
spat toward an approaching stranger to ward off the evil eye or other 
malevolent influence (uiacua) which might emanate from his person. 
The nurse taught the child to distinguish objects by their names, 
spanked it with the sandal on occasion (Lucian), and told it the usual 
nursery tales. To frighten into good behavior, gruesome stories were 
told about Lamia, the vampire, who devoured children alive, the 
Gorgon, the minions of Hecate, the Cyclops and other terrifying 
figures. To amuse children or put them to sleep, mythological stories 
were told, such as the infancy of Hermes, the adventures of Odysseus 
or the labors of Hercules. Plato, in the Republic (II, 377-383), 
Aristotle and Plutarch discourse at great length upon the importance of 
censoring the episodes in Greek mythology as tales for the young, so 
that what was immoral and pernicious might be avoided. The Greek 
lullabies for infants were probably rhythmic songs without words 
(Aristotle) or with word improvised by the nurse. Beautiful examples 
are found in the poets, such as the lullaby of Alemena in Theo- 
eritus (XXIV, 6-8), the Lament of Danae in Simonides (Fr. 37), 
or the nurse’s song in the Orestes of Euripides (174-182).t 


= Sister Mary Rosaria, op. cit., pp. 12-15. 
t Littré’s Hippocrates, ii, p. 41. 
{ Sister Mary Rosaria, op. cit., pp. 34-44. 
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Over all child-life in Greece, Homeric, Spartan, or Athenian, was 
the glorious plein air of Hellenic culture. Innumerable terra cotta 
figurines and reliefs exist, representing the suckling, dandling, bathing 
and fondling of infants, the games of children, and the amulets 
employed to protect them (Dresden Catalogue, items 4051-4212). 
Sudhoff summarizes as follows: 


“Even though the exposure of weakly or unwelcome children, in Greece 
(Sparta) and Italy, as well as in the Orient, left an ineradicable stain, yet the Greek 
upbringing of children, in its harmonious development of body and spirit, is a 
wonderful phase of hygiene. The love which invested the earliest period of 
child-life is apparent in the profusion of imagery which tells of the first bath of the 
new born, its swathing and cradling, the suckling of the infant at the breast of 
mother or wet-nurse. In the later period of Hellenistic Egypt, infants were in 
care of wet-nurses, who gave them six months breast-nourishment and eighteen 
months of artificial milk-diet, as attested by the many nursing bottles which 
continue to be found in children’s graves. The same principles applied to infant 
nutrition in Confederated Hellas, but the children remained at home in charge, of 
mother or wet-nurses, among whom the Spartan women were particularly prized, 
although the Spartan habit of rearing without swaddling clothes does not appear 
to have taken hold elsewhere. Jn children’s games of all kinds, the Greek spirit 
was everywhere inventive. The plaything was often designed for games of run- 
ning and jumping; with older children the ball, the hoop, the peg-top were as 
popular as with adults of both sexes; as also the swing, the see-saw, the kite, the 
hobby-horse, the go-cart, pitch and toss, ete., which were carried over directly 
into the gymnastic exercises of later yéars.’’* 


In Greek medicine before the time of Soranus of Ephesus, the 
pediatric element is scattered at random through the literature, as 
with the pediatrics of the Talmud. Greek medicine, as a contribution 
to science, begins with Hippocrates (460-370 B.C.). 

A strange superstition of antiquity was to the effect that a seven- 
months child is sometimes viable, but an eight-months child undergoes 
certain pathological changes in the uterus, due to sinking and altered 
relation of the fetus in utero, which renders it unfit for birth and extra- 
uterine life. A ten-months child was regarded as more vigorous and 
fit for life than even a nine-months child. Discussion of this matter 
forms the theme of the Hippocratic treatises on the seven- and eight- 
months child. 

In the Hippocratic canon, there are innumerable references to the 
hygiene and diseases of infancy and childhood. 


Thus in the apocryphal books on Epidemic Diseases (IV—VIJ) we find cases 
- diagnosed by Littré as opening the chest by cauterization for empyema,in a child of 
Philis (IV, £); head injury in a son of Metrophantus, with fever, trephining and 
death on the 24th day (IV, 11); gangrene of the mouth in two children (IV, 19); 
disease of the bladder in a son of Theophorbus of Larissa (V, 17); fatal impalement 
of a child by a boar’s tusk (V, 39); phagedenic ulcer of the mouth in a son of 
Athenades (V, 44); fatal tetanus from a sprain in Telephanes, son of Harpalus 
(V, 75); and from irritation of a wound by a drug in Thrino, son of Damon (V, 76); 
gangrene of the jaw from toothache, in a child of Metrodorus of Cardia (VI, 100); 
meningitis from caries of the petrous portion of the mastoid (VII, 5) ; an epileptic 
fit in a son of Anechetus (VII, 46); and an umbilical fistula with procidence of the 
intestine in a child of Dinias of Abdera (VII, 117). 


* Sudhoff: Dresden Catalogue (1911), p. 138. 
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In the genuine books on Epidemic Diseases (I-III), there are authentic 
and valuable descriptions of the semeiology of phthisis, dysentery and 
diarrheal diseases, malarial and hemoglobinuric fevers, gangrenous 
erysipelas and ergotism, epidemic parotitis and anthrax. In the 
account of epidemic parotitis in the island of Thrasos, the simulta- 
neous painful swellings in the salivary glands and testicles were already 
noted, although the orchitis was first featured as such by Hamilton 
in 1761. The Hippocratic treatise on the joints (rept dpOpwr) is a 
scientific account, almost modern, of the different congenital deformi-_ 
ties of the foot and spine and the various dislocations and their treat- 
ment. In this treatise (§41), and in the Aphorisms (VI, 46), it is 
noted that a gibbous spine (Pott’s disease) often coexists with tubercu- - 
losis of the lungs; and the Calot treatment of spinal deformity by for- 
cible reduction (redressement forcé) is applied for the first time (§47). 
In the treatise on Wounds of the Head (X XIX) Hippocrates says that 
children die more quickly of wounds than adults. 

In the treatise on Prorrheties (Littré, IX, 52), it is recognized 
that prolapse of the rectum may accompany obstinate diarrhea or 
calculus in children. For treatment, it is recommended that the 
rectum be replaced with soft sponges, the child being suspended with 
hands tied; or in obstinate cases, moisten the rectum with a sponge 
sopped in a decoction of lotus (Celtzs australis, Littré), compressing the 
rectum by means of a bandage passing around the abdomen and 
between the legs. At stool, the child sits with its back against its 
mother’s knees, its feet upon her feet.* 

In his commentary on the treatise De morbis (rept votowv), Littré 
(VII, 25-161, passim) diagnoses: 

Cases of otitis media, otitic abscess of the brain, tonsillitis, inflammation of the 
tongue, uvula, epiglottis and palate, removal of nasal polypi with a string snare or 
by cauterization, jaundice, bilious, tertian and quartan fevers, pleurisy, bron- 
chitis, abscess of lung with paracentesis, phthisis and laryngeal phthisis, sper- 
matorrhea (phthisis dorsalis), hydrothorax with paracentesis, chronic pneumonia, 
pulmonary hemorrhage, melena (black vomit), tetanus, ileus, ischias (coxalgia), 
dropsy, hydatids, hepatitis, splenic disease, renal tuberculosis, rheumatic disorders 
and scurvy. Any of these may have affected childhood. 

“Infantile convulsions supervene,’’ says Hippocrates, ‘when 
there is acute fever or constipation, insomnia or sudden fears, or when 
the child groans, changes color, and the face becomes yellow, livid, or 
red. These accidents easily affect infants up to the age of seven. 
Older children and adults are less exposed to convulsions in fever, unless 
there are such violent and fatal complications as take place in frenzy” 
(Prognostics §24, Littré, II, 187). In the discourse on the Sacred 
Disease, epilepsy, which the ancients regarded as due to divine posses- 
sion, is treated as a cerebral affection due to congestion of cold mucus 
in the warm blood, unless it is evacuated by ulcers or other channels. 
Epilepsy, then, attacks such children as have been spared the affections 
which would relieve them of the slimy material commonly voided in 
uterine life (Littré, XI, 367). 

* T. Kroner: Jahrb. f. Kinderheilk., Leipzig, xi (1877), p. 256. 
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_If it is fear of the divinity that leads adults to seek seclusion in an epileptic fit 
children are apparently not so superstitious. They fall where they stand, or if 
they can perceive the aura from the experience of several attacks, they run in 
terror to their mothers or to some one they know (I bid., 383). The presence or 
possibility of epilepsy in children is known by “sudden distortion of the eyes, by 
tumors on the neck, or when a grave accident has been sustained or the voice is 
shrill, or there is chronic cough, or lateral distortion, or varix of internal veins or 
prolapsed omentum, or an enlarged testicle or a helpless, shrivelled arm, or paraly- 
sis of the lower limbs, or if a more mature child feels bodily pain from urethral 


discomfort. Most people who have care of such children will admit epilepsy; 
others deny it through ignorance.” 


Ascarides and tenia are considered in the treatise De morbis (IV, 
54). 


Flat and round worms are held to be engendered in the foetus. Round worms 
reproduce themselves; flat worms do not. Hippocrates notes the great increase 
in size of the taenia—‘‘as long as the intestine itself,” in which case parts of it may 
be voided in the stools or even in walking. If the child is purged without a vermi- 
fuge, this will bring away only parts of the worm. The worm is regarded as some- 
times impinging against the liver, causing dribbling of saliva, aphonia, jerking 
sensations in the abdomen and pain. 


Cystitis is treated in the Prognostics (19). 


Febrile affections of the bladder may cause death, if they persist; there is 
constipation, or the voiding of hard dejecta on purgation, and purulent urine. 
If the fever continues, death will supervene in the early stages of the disease, 
especially in children from 7 to 15 years of age. In the treatise De morbis (IV, 55), 
there is a long discourse on calculus in children, to which Hippocrates devoted 
particular attention. His views were merely repeated by the later authorities and 
the Middle Ages added little to the subject (Kroner). In Hippocrates’ view, lith- 
iasis in children was due to impure milk. The greater frequency of calculusin 
boys is noted (Kroner says that 40 per cent. of all cases occur in children under ten, 
usually boys). Girls are less affected because ‘‘they drink more water than boys 
and the female urethra is shorter and wider.” The observation that calculus in 
boys may be due to mother’s milk suggests the exudative diathesis. The for- 
mation of sediment from impure urine in the bladder is likened to the settling of 
sediment in turbid, impure water; the sediment is held to come from a mixture of 
mucus in the milk with the urine. ‘The five signs of calculus are pain in urination; 
the emission of urine drop by drop; bloody urine, if the bladder is ulcerated by the 
stone; inflammation of the bladder with reflex pain at the prepuce; sometimes 
emission of sand with the urine. In urinary calculus, male infants will handle and 
rub the genitals; girls do not. For calculus in girls, Hippocrates prescribes a 
drachm of the leaf of Ethiopian root (Salvia ethiops, Littré) in old urine for 10 
days, the same in water for 20 days thereafter, and warm baths twice daily. 


The treatise on Airs, Waters and Places contains a number of 
valuable pediatric observations. 


In places whieh are warm, moist and swampy in summer and cold in winter, 
children will suffer from respiratory disorders, convulsions and a tendency to 
epilepsy. In places with changeable weather and cold winds, nurslings will get 
little mother’s milk on account of the hardness of the water. Hydrocele is fre- 
quent in cold, windy places and disappears in children as they grow. Marshy, 
stagnant, evil-smelling waters in lakes and ponds produce large, hard (malarial) 
spleens, stiff, emaciated bellies, with emaciation of the face, shoulders and clavicu- 
lar region; also fatal dropsies, diarrheas, and prolonged quartan fevers; in winter, 
there are dropsical, wasted children, with liability to hernia. Pregnancy in warm, 
changeable winters or in springtime with cold, northerly winds may lead to 
abortion or to weak, sickly children. The late advent of puberty in cold climates 
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is noted, also the tendency of Asiatics to deform the infantile cranium by bandages 
and machines. 


A few of the Aphorisms bearing on pediatrics may be cited. 


“Elderly people bear fasting well; infants poorly, especially those of lively 
disposition” (I, 13). Galen rightly interprets “fasting”? here as ‘‘spare diet’’: 

“The growing organism has the most innate (animal) heat and therefore 
requires more nourishment (I, 14). : 

“Liquid diet is proper in all febrile diseases, particularly in children (I, 16). 

“Treat epilepsy in the young by change of air, environment and mode of life 
II, 45). 
Eerie born in a mild, calm, rainy winter or a cold spring are apt to be puny 
and unhealthy (III, 12). 

“Children are most comfortable and healthy in spring and early summer 
(III, 18). 

é The diseases of new-born infants are aphthe, vomiting, insomnia, night fears, 
inflammation of the umbilicus, and discharges from the ears (III, 24). 

‘At teething, there are pruritus of the gums, convulsions and diarrhea, espe- 
cially when cutting the canine teeth, and in fat, constipated infants (III, 25). 

‘A little later. there are tonsillar affections, crick in the neck, asthma, calculus, 
round worms, warts, scrofula, tumors about the ears and elsewhere (III, 26). 

“ At the approach of puberty, epistaxis and chronic fevers supervene (III, 27). 

‘Infantile diseases which do not pass away at puberty become chronic (III, 27). 

“Difficult deglutition and suffocation in fever, without swelling of the neck, 
is a fatal symptom (IV, 34-35). 

“Frights or convulsions after sleep are bad symptoms; stoppage of respiration 
in fevers indicates convulsions (IV, 67-68). 

‘‘Epilepsy before puberty may change for the better; after 25 it is usually 
fatal (V, 7). 

‘‘Rolling of the eyes in sleep is bad, unless connected with loose bowels (VI, 52). 

“ Acid eructations in diarrhea are of good omen (VI, 1). 

“Those who acquire humped backs from asthma or cough before puberty will 


die” (VI, 46). 

With Hippocrates, Greek pediatrics, in the proper sense of the 
term, culminates and ends.* After the destruction of Corinth (146 
B.C.) Greek medicine was transplanted to Rome, and its greatest 


representatives in Rome came, not from Athens, Corinth or Thebes, 
but from the peninsula of Asia Minor, 


ROME 


From Rome came the first laws for the protection of children, but 
there was to be a long struggle with infanticide, the systematic destruc- 
tion of female infants and the inhumanities of the patria potestas. 
“The Roman policy,” says Lecky, ‘was always to encourage, while 
the Greek policy was always to restrain population, and infanticide 
never appears to have been common in Rome till the corrupt and 
sensual days of the Empire.”+ According to legendary tradition, 
Romulus, the founder of Rome, who had been an exposed infant 


* For a study of the pediatrics of Hippocrates as compared with the views of 
modern writers, see J. W. Troitzky: “Hippocrates als Kinderarzt,” Arch. f. Kinder- 
heilk., Stuttgart, xxix (1900), pp. 223-247. 


tLecky: “History of European Morals,” New York, ii (1869), pp. 28-29, 
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himself, decreed that all male infants who were not monsters or 
otherwise malformed were to be reared, as also the first born of all 
female infants. The object of this ruling was to breed a warlike race, 
with a superabundance of males as soldiers. Even the Roman census 
of population was centered on estimating the fighting strength of the 
nation. To Numa Pompilius (715-673 B.C.) is ascribed the law cited 
in Justinian as ler regia de mortuo inferendo, which decreed that a 
woman who had died in pregnancy should not be buried until the child 
had been excised from her body, lest the hope of the living perish in the 
grave. From the “sombre Puritanical Sabine” came another feature 
of early Roman law which was to react against youthful freedom with 
frightful force, namely that part of the Jus Quiritiwm which made 
chattels of wives and children, so that a father could sell, mutilate or 
even kill his own offspring at will (patria potestas). Numa Pompilius, 
with the idea of encouraging marriage in young people, amended this 
hard rule to the extent that a father lost the power to sell his son when 
the latter obtained consent to marry. Under the Roman Republic 
(509 B.C.) the patria potestas continued in full force. In the Laws of 
_ the Twelve Tables it is stated that a son went free after being sold three 
times by his father. The exposure of infants is a common dramatic 
motive in the comedies of Plautus and Terence. 

In the best days of the Roman Republic, private life, particularly 
married life, was sacred, and there was even a tax on bachelors. In 
the last days of the Republic, depravity was rampant everywhere, 
celibacy, divorce and abortion were frequent and unwelcome children 
were thrown into the Tiber. To encourage marriage and increase the 
population Augustus Cesar proposed the lex Julia (adopted 4 A.D.) 
and the lex Papia, which put a check upon the abuses of the patria 
potestas.* Celibates were not permitted to inherit, and a childless 
husband could inherit only one half of property or of moneys willed to 
him. In candidacy for office, preference was given to the father of the 
largest family; fathers of three or more children were relieved from 
taxes, and the senior of the two consuls was held to be he who had the 
greater number of children. Anyone who reared an orphan was 

-rewarded. Through these laws, children acquired a new importance 
by conferring rights and privileges upon the father, and the people, as 
inheritors of the childless acquired, in the phrase of Tacitus, the ficti- 
tious title of ‘universal parent.’’ Yet the great historian says that, 
“to enforce this regulation, informers were encouraged. ‘The genius 
of these men knew no bounds: they harassed the city of Rome and 
stretched their harpy-hands all over Italy. Wherever they found a 
citizen, they found a man to be plundered.” This attempt at regulat- 
ing the population by paternal government could not thrive. Celibacy 
continued popular, and, in spite of subsequent relief from espionage, 
these laws were abolished by Caracalla and Constantine. Gibbon 
begins his “Decline and Fall” with a memorable eulogy of the 


* Payne, op. cit., pp. 223-235. 
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reigns of Nerva, Trajan, Hadrian and the two Antonines as the 
happiest and most prosperous period in all Roman history. Payne 
calls these rulers the ‘emperors of the children.” In the reign. of 
Nerva, there was an attempt to diminish the exposure and drowning 
of infants by founding colonies for poor families and assisting indigent 
parents (97 A.D.). This philanthropy was furthered by Trajan, and 
in 100 A.D., some 5,000 children were cared for by the State. 
A Roman coin represents Nerva dispensing charity to children with 
the inscription “Tutela Italia.” The younger Pliny settled 500,000 
sesterces on the city of Como for the maintenance of children of good 
families, and a tablet of the Ligurian town of Velia shows that the 
interest on land mortgages went to the support of poor children 
(Payne). Hadrian (117-138 A.D.) decreed that the child of a woman 
freed during pregnancy should be free, that a woman might make her 
will and that a free woman could inherit if she had children, or a freed 
woman if she had four, and that Carthaginian priests were to be 
crucified for sacrificing children to Moloch. He virtually abolished the 
patria potestas by deporting a father who had killed his son, and by 
compelling parents to rear their children instead of exposing them. . 
The mutilation of exposed slave children in order to make them objects 
of charity was a great abuse of the time, and was justified by the philos- 
ophers as better than letting them die. But laws had now passed, as 
a “Perpetual Edict,’ into the hands of learned jurists and could no 
longer be changed by the caprices of emperors. Thus Justinian harks 
back to a rescript of Hadrian declaring the sale of children to be illicit 
and dishonest. Antoninus Pius (138-161 A.D.) gave to children the 
right to inherit from their parents and founded, in honor of the empress 
Faustina, the first institution for the protection of girls. This institu- 
tion, which is commemorated in a Roman coin, was the first foundation 
designed to save female infants from destruction. Other endowments 
against infanticide grew apace. Marcus Aurelius (161-180 A.D.) 
abolished the paternal power of compelling the son to divorce his wife, 
and placed the alimentary institution of Antoninus Pius under the 
supervision of a praetorian of consular rank. These great benignant 
emperors were followed by a succession of bloody tyrants. Infanticide 
and exposure increased as poverty increased. Moved by the pleadings 
of Lactantius, Constantine issued an edict to all Italy and Roman 
Africa ordering that magistrates give immediate, necessary, and suffi- 
cient aid to indigent parents (May 12, 315 A.D.), and in order to save 
abandoned infants from death by exposure, declared all foundlings to 
be the slaves of those who chose to rear them, punished parents who 
exposed their offspring, and gave poor parents again the right to sell 
their new-born infants. The last edict bearing upon this subject 
before the fall of the Roman Empire was that of Valentinian, Valens 


and Gracian, punishing a parent for the exposure of his children 
(Payne).* 


* Payne, op. cit., pp. 236-256. 
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Of the Greek physicians after Hippocrates, those who are to our 
purpose—Aretzus, Soranus of Ephesus and Galen—came, not from 
Athens, Corinth or Thebes, but from Asia Minor. The only Roman 
contribution to medicine of importance is Celsus, which, as indicated 
by the researches of Max Wellmann, is a compilation or translation 
from many Greek sources, in particular of the Greek medical handbook 
compiled by Cassius Felix, the body physician to Tiberius Cesar 
(ante 26 A.D.). 


Celsus says that children are healthiest in spring and early summer, young 
people in winter. The diseases of infancy are aptha, vomiting, night vigils, 
discharges from the ears and inflammation about the umbilicus ; at teething, there 
are ulcerations of the canine gums, convulsions, slight fevers, diarrhea, particu- 
larly during eruption of the canine teeth. A little later, there may be glandular 
tumors, spinal curvature, struma, and painful warts (achordonas); at puberty, 
lengthy fevers and epistaxis. All children are in greatest danger up to the fortieth 
day, or in the seventh month, the seventh year, or at puberty. Infantile diseases, 
therefore, which do not disappear at puberty are apt to continue for a long time. 
Youth is most exposed to acute diseases, epilepsy, insanity and consumption, 
usually with hemoptysis. A strong point made by Celsus is that ‘children should 
not be treated as adults.’ Venesection, purgation and administration of wine 
should be avoided in weaklings, and care should be taken not to expose the child 
to wakefulness, hunger or thirst. In the pestilential fevers, cupping should be 
employed in children not strong enough to bear venesection, a light diet should be 
given, with enemata of water or a decoction of pounded barley. The anginas 
should be relieved by bloodletting, purgation, cupping about the throat, moist 
fomentations, gargles of hyssop, catmint, thyme, wormwood, bran or dried figs in 
hydromel, inunction of the palate with ox-gall or powdering it with pollen of 
pepper; finally, free incisions may be made at need under the mandibles, in the 
palate, about the uvula or in the sublingual veins. Aphthz, when they spread 
from the gums to the palate, uvula and fauces, are apt to kill children. When 
they affect sucklings, the nurse should exercise her body, bathe frequently and 
foment the breasts with hot water; if the child has fever, she must diet and drink 
plenty of water, otherwise light wine; she must purge herself, if constipated, or 
procure emesis, if she has phlegm in her throat. The ulcers should be anointed 
with honey and Syrian rhus (sumach), or bitter almonds ; or with dry rose leaves, 
pine kernels and small mint stalks incorporated with honey; or with mulberry 
juice boiled with equal parts of saffron, myrrh, alum, wine and honey, as gargles. 
Tf gargles fail, caustics (alum, chalcitis, copper sulphate) may be used with light 
diet. Cheese and honey cleans the ulcers. For discharges from the ears, puncture 
with a hot needle is recommended (VII, 8). In umbilical hernia,* avoid operation 
and employ fasting, purgation or an application of a mixture of hemlock, soot, 
washed ceruse, washed lead, two eggs and the juice of nightshade. This poultice 
should be kept on for a considerable while; in the diet, anything causing flatulence 
should be avoided. In infantile hydrocele, the tumor diminishes during fasting 
or a slight fever (VII, 18). In infantile hernia, the application of a bandage will 
often bring about reduction without recourse to the knife (VII, 20). Operations for 
phimosis and paraphimosis are described, also infibulation in boys for preserving 
their voices” (VII, 25). The surgical treatment of varicocele (ramez) is also given 


(VII, 22). 
The De rerum natura (1, 936-942) of Lucretius (98-55 B.C.) contains 
some admirable verses, showing how the Roman physician of the period 


* Hernia. known to the ancient Romans as crepatura and ruptura, was first 
? . . 
- called by its present name in Martial and Arnobius (Hyrtl). 
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smeared honey around the rim of a bowl to disguise the taste of worm- 
wood administered to a child, a device which was doubtless derived 
from Greek practice. 

In the treatise on acute and chronic diseases of Aretzeus the Cap- 
padocian (2-3 Century A.D.), which, according to Max Wellmann, 
really derives from Archigenes (Ist Century A.D.), diphtheria (ulcera 
Syriaca sive Afgyptica), pneumonia, epilepsy, cholera infantum, colic 
and other diseases affecting childhood are described in classic style. 
Tetanus in children is mentioned for the first time. 


“Children are frequently attacked by it, but do not often die, because the 
affection is familiar and akin to them; striplings are less liable to suffer from it, 
but more readily die.” Children usually suffer from aphthe until puberty; 
“for children, in particular, have large and cold respiration, there is more heat in 
them, moreover they are intemperate in diet, have a longing for varied food and 
cold drink, and they bawl loudly both in anger and sport; and these diseases are 
familiar to girls until they have their menstrual purgation.’’ Cholera attacks 
children frequently, but is not usually fatal. Ileus “‘is common in children who are 
subject to indigestion and they more readily escape from mischief, owing to their 
habits and the humidity of their intestines, for they are loose.” Children with 
coughs, even youths, are apt to weather phthisis. In the young, stone usually 
form in the bladder; in the aged in the kidneys. Cachexia, jaundice and swelling 
of the spleen are common to childhood and youth, but are seldom fatal. ‘‘ Children 
are subject to continued diarrhea, from an ephemeral intemperance of food, but 
in their case, the disease is not seated in the cavity of the stomach. Diarrhea 
attacks children and adolescents; dysentery, adults. Children are also subject 
to anasarca and leucophlegmata. The bad effects of gonorrhea in young persons 
are noted.” Milk is the best remedy for marasmus and the induction of vomiting 
is beneficial in epilepsy. 


The gynecological treatise of Soranus of Ephesus (2nd Century, 
A.D.) gives the most remarkable and complete account of pediatrics in 
antiquity.* It consists of 23 chapters dealing with the birth, washing, 
swathing, and nutrition of the infant, the choice and regimen of 
the nurse, the weaning of the child, teething, tonsillitis, aphthe, 
skin eruptions and pruritus, catarrh and coughing, brain fever (menin- 
gitis?) and diarrhea. The salient characteristics of Soranus, which 
set him quite apart as a great physician, are a highly critical spirit, 
rational scepticism and scant reverence for the authority of the past. 


If the new-born child is fit to survive, the mother must have been strong and 
healthy during pregnancy, the infant should ery and kick vigorously when laid 
down and should have no apparent bodily defects or abnormities. The cord 
should be severed, preferably with a sharp knife. and the stump ligated. The 
Germanic and Scythian custom of plunging the child in cold water after omphalot- 
omy, in order to harden it or test its endurance, is strongly condemned, as also 
washing the child in brine, wine, or urine, or sprinkling it with powder of myrtles 
or nut galls. Even exposure to the air, for cooling, is bad. Salting the child is, 
however, still recommended. The crude Thessalian mode of swaddling recom- 
mended by Antigenes is condemned, and a rational routine is described at length 
with special regard to gentleness of procedure. The barbarous Thracian and 
Macedonian custom of binding the child to a hard flat board is to be avoided, anda 
wooded pallet or a straw mattress, neither too hard nor too soft is to be chosen, 


*For a German translation of which, see “ Die Gyniikologie (ep! yuvauxelwu) 


des Soranus von Ephesus,” tibersetzt von H. Liineberg, Munich, J. F. Leh 
(1914), pp. 56-92. ; 8 ch, J. F. Lehmann 
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with careful attention to the posture of the child. A clean, moderately warm 
room, avoidance of draughts and excess of light, and a mosquito netting for the 
infant s bed, are recommended. If the child shows no signs of hunger, it should 
receive no nourishment, but be moved about continually for the first two days. 
If it cries for food, honey, moderately stewed, is preferable to indigestible butter, 
abrotanum with butter, nasturtium or barley flour. Mother’s milk is held to be 
valueless for the first twenty days, as being thick, cheesy and indigestible. Honey, 
sometimes mixed with goat’s milk, is kept up for the first three days (sugar diar- 
thea), and the mother’s breast must first be sucked by another infant before it is 
given to the new-born. If the mother’s milk is not of the proper consistency, a 
professional wet-nurse is to be preferred. Soranus actually maintains that the 
mother should save her strength for future childbearing and that the child will 
thrive better on the milk of astranger. His directions for the choice of a wet-nurse, 
her diet and mode of life, the testing of her milk, are given at great length and are 
similar to those of the Indian cult. The finger-nail test for consistency of the 
milk—whether it spreads gradually over the nail or a laurel-leaf, separating into 
drops on shaking, or flows thinly, or is viscous—and the water test, its preservation 
of its color in twice the amount of water, are here specified for the first time. 
Multipare are preferable as wet-nurses to primipare, on account of the inexperi- 
ence of the latter, and large, robust, matronly nurses to small or attenuated. 
Greek nurses are recommended that the child may become early accustomed to 
“the most beautiful of all languages.’””’ Too much bathing, and bathing in hot 
water, debilitates the child. Bathing should be done in the day time, never at 
night, and then only after evacuation of the bowels or for skin rashes. The water 
should be warm, and the child accustomed, day by day, to colder baths. The 
directions for wiping, rubbing, salving and swathing are very minute. The 
subsequent suckling should be discreet and not excessive; the child must not be 
suckled every time it cries; other causes than hunger should be sought, if it cries 
continually. The child should not be rocked or otherwise shaken up after breast- 
feeding, as the effect is like that of sea-sickness. The swaddling clothes may be 
gradually removed in 40-60 days after birth. If the child tries to sit up or stand, 
it should be supported to avoid deformation of the spine or lower limbs. Soranus 
notes that these matters were neglected by the Roman dames, who lacked the 
warmth of sympathy with children which Greek women possessed. Soranus’ 
observation of the frequency of crooked limbs in Roman children is regarded by 
Wilhelm Ebstein as evidence of infantile rickets in antiquity.* The child 
should not be weaned, for any reason, until it is strong enough to take solid food, 
usually not less than six months after birth. Then bread crumbs, softened in 
honey-water, milk, sweet wine or honey-wine may be given. Thereupon a soup of 
coarsely ground husked wheat, a thin brew and soft-boiled eggs may be tried, but 
no milk should be given during this repast, as the mixture is indigestible. Thirst 
should be allayed by water or thinly diluted wine, given by an artificial nipple. 
Nothing to be chewed should be given at first, and the addition of roots, poppy- 
seeds and sesame should be avoided. Complete weaning should come to pass at 
the eruption of the teeth, that is 1}4-2 years after birth. Abrupt weaning by 
means of bitter or malodorous applications to the breasts is bad for the infantile 
stomach. Spring is the best time for weaning, autumn the worst, on account of its 
uneven temperature. The view of Mnesitheus and Aristanax that girls should be 
weaned six months later than boys is condemned, since girls are not weaker, as 
these writers maintain, but of stronger and fuller habit of body than boys. The 
child must be early accustomed to all good food staples after weaning, but if too fat, 
its diet must be restricted, and if it is gluttonous, this must be accomplished by 
diverting its attention with play. If it tends to reject food, its appetite must be 
whetted by variety. In sickness after weaning, milk diet must be resumed until 


* W. Ebstein. Virchow’s Arch., Berlin, cxciii (1908), pp. 522-524. Ebstein 
speaks (p. 520) of an infantile skeleton of the end of the Ist Century A.D. (just 
before Soranus), excavated at Centirupe and now in the Museum at Syracuse, 


showing indubitable signs of infantile rickets. 
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health is restored. Teething sets in about the seventh month, and then irritation 
of the gums by chewing must be avoided. Before teething, the gums should be 
gently rubbed with oil or fats, and the child may be permitted to suck fat bacon 
without swallowing it, but this should cease when the teeth appear. The gums 
should not be irritated by butter or acid substances, and if there is much inflamma- 
tion, poulticing and sponging are recommended. In tonsillitis, honey water and 
barley brew may be introduced, and all sources of congestion, such as the custom 
of turning the child upside down seven times, are pernicious. In aphthe, the 
mouth may be anointed with honey, in mild cases, or with moist astringent applica- 
tions (lentils and pomegranates) where the mouth is hot and dry; internally, fresh 
or pressed rose-leaves or cyprus or tamarisks. Mouth-washes of mulberries, 
poppies and plantains in honey, iris salves with honey, or any astringent decoction 
cooked in honey, or powders of rose-leaves, saffron, myrrh, nut-galls, juniper, 
moistened with honey, or any of these mixtures with the juice of sweet pome- 
granates are recommended. Removal of the scurf with the finger, a custom of 
Syrian nurses, is bad practice. Pruritus is treated by fomentations and applica- 
tions of oily salves, with a slight admixture of wax, that they may cling to the body; 
skin rashes and ulcers should never be treated with salt water or urine; they should 
be let alone until it is necessary to apply decoctions of roses or lentils or astringent 
applications of myrtle, mastix, blackberries or pomegranates, etc. Inflamed 
ulcers after evacuation of pus are treated by similar applications. Irritating 
remedies are to be avoided in catarrh and coughs; honey may be trickled into the 
mouth or the phlegm evacuated by inducing vomiting; in attacks of coughing, 
dainties such as pine-kernels, roasted almonds, linseed, licorice, gouts’ thorn and 
honey are best, and bathing is interdicted. Siriasis, an inflammation of the brain 
and its membranes, with sunken fontanelles, sunken eyes, pallor, dryness and loss 
of appetite, is treated by applying to the temples a mixture of rose oil and yolk 
of egg, or of heliotrope leaves, pumpkin chopped fine, cucumber rind, or of rose oil 
and nightshade juice. Infantile diarrhea is treated by injecting plantain juice 
with an aural syringe, or if the child is still taking the breast, by giving astringents 
to the nurse; constipation by giving laxatives to the nurse. If the child has been 
weaned, the same remedies may be given directly. Atresia ani is remedied by 
dilatation with the finger or by perforation. 


The Noctes Atticae of Aulus Gellius (2nd century A.D.), known to 
Latinists as a repository of curious facts about antiquity, contains 
some striking passages about the care of infants, in which the ideas 
of Soranus about breast-feeding are reflected. 

Galen (131-201 A.D.) gives a long series of controversies on the 
viability of the seven- and eight-months child, with much admixture 
of astrology; opposes the German and Scythian custom of immersing 
the newborn in cold water for purpose of hardening; indulges in much 
casuistry about infant nutrition, warns against nursing the child before 
its bath or during the bath, and is génerally at one with Soranus in 
regard to the regimen of infant-life. 


He mentions congenital atresia of the urethra, recommends a plaster bandage 
for paraphimosis, defines hydrocele, hermaphroditism, hydrocephalus, exomphalos 
(prominent umbilicus), epiploomphalos (omental prolapse into the umbilicus) 
enteromphalos (intestinal prolapse) and hydromphalos (water in the umbilicus) ; 
gives directions for the physical and mental regimen of epileptic children; describes 
white, red and black aphthe, differentiates between round worms, ascarides and 
tenia, and recommends verbena (heria) and helenium for ascarides; he mentions the 
frequency of hiccough in children and ascribes it to the “corruption”’ of too solid 
food in the body from overeating or to catching cold; he defines three kinds of 
intermittent fevers, viz., the quotidian (from putrid phlegm), the tertian (from 
excess of yellow bile), and quartan (from excess of black bile) and regards the 


BYZANTIUM 47 


quotidian as peculiar to children. He describes asthma, in connection with goitre, 
as a painless glandular (thymus) swelling peculiar to the neck. In his treatise 


Pe ae causis (ed. Kiihn, 1824, VII, 27), Galen gives an account of infantile 
rickets. 


Caelius Aurelianus (5th Century A.D.) is, apart from Celsus, 
the only Roman writer who contributed anything of note to pediatrics. 


He regards epilepsy as a passio puerilis, frequently associated with teething 
thus confusing it with infantile convulsions. For treatment, the child is covered 
with a cloth and warmed by rubbing with oil, while honey is sparingly trickled into 
its mouth, and goat’s milk is given if the child cannot take the breast. If it can 
suckle, the breast is smeared with honey. The child should be carefully guarded 
against fright, irritation and excitement, and if the nurse is epileptic, she must be 
discharged. He describes an “‘ignis sacer’’ covering the neck and chest in inflam-” 
matory angina, which was probably searlatina (Kroner). He gives a good account 
of the symptoms of intestinal worms. The child groans in its sleep, rolls about, 
gnashes its teeth, tends to lie prone, cries out suddenly, or falls silent, is seized with 
convulsions, sometimes becomes somnolent, the face becomes emaciated and loses 
its color; the child gets cold and answers questions with difficulty; sometimes 
throws itself about with outstretched hands, working itself into perspiration. 
The worms may even be felt in the thinnest parts of the intestines. The pulse, as 
Themison says, is irregular and often deficient. The worms sometimes come out of 
the nose and mouth, as well as the rectum. To remove them, three or four pills 
the size of a bean in warm water, or “chamelaex”’ rubbed in honey-wine are 
recommended. Asthma is described as a disease peculiar to children and old 
people, more frequent in the weak than in the strong, occurring oftener at night 
than by day, in winter than in summer with a feeling of suffocation, hissing res- 
piration and lividity of the lips. t 


BYZANTIUM 


(476-732 A.D.) 


The réle of Byzantium in the history of medicine was that of an 
embalming medium or cold storage plant for the accumulated knowl- 
edge of the past. Byzantium was, in Allbutt’s phrase, a citadel of 
“culture,” with all the untoward associations which have latterly 
attached to the term. Church and State were supreme, upheld by 
laws as rigid as the grip of a vice. An absolutist theory of existence 
prevailed, with definite aversion to freedom of thought and action. 
The adjective ‘‘Byzantine” connotes architecture of wonderfully 
massive, ornate type, splendor of raiment, decoration and creature 
comforts, abounding luxury, licentiousness and with it, an effemination 
or eviration of character, which, in the end, made the population of 
the great’ city powerless to protect themselves from invasion, People 
were probably no worse then than they are now in overcrowded 
communities, but their life-lines were mapped out for them in advance, 
and virtue, knowledge and talent were as nothing in the scale with 
consistent subservience to authority. In the many histories of 


*Delpeuch, Presse méd., Paris (1900), p. 383. W. Ebstein, Virchow’s 


Arch., Berlin, exciii (1908), pp. 524-528. ons ‘ 
; For an exhaustive study of Greek pediatrics, arranged by diseases, see 


T. Kroner, Jahrb. f. Kinderheilk., Leipzig, N. Y., x (1876), p. 340; xi (1877), 
p. 83; 236. 
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Byzantium, we hear little of the children, except that their education 
tended to keep them all in a definite groove” (Finlay). ‘In place of 


Augustus,” says Allbutt, aps 
“came a kind of Sultan, wearing that oriental diadem, the mere dread of which 
had brought Caesar to his end; the Emperor was approached with adoration as a 
living god, and lawyers buttressed his throne with an absolutist theory of the 
constitution which was universally accepted. . . . But the price was a heavy 
one; the heirlooms of the past were carried into fortress, and for a millenium were 
immured in a sumptuous, almost a spellbound treasure house. The calcareous 
shell was of mother of pearl; the walls and towers of the casket shone in the sun 
with such splendor as Jeremy Taylor conceived of the Kingdom of Heaven. 
Exalted in the wilderness of Europe, shining like a sun, radiant with gold and gems, 
pompous with priests and men of war, Byzantium guarded the precious germs 
of which a new world was in due time to be born. But meanwhile this very pomp 
which, to the hordes which beset it, made it seem invulnerable, stiffened the sinews 
of the defenders. In their serried regiment there was no play for personal freedom, 
no play for varieties of temperament or diversities of creed. A rigid uniformity of 
array, an absolute subordination of rank to rank; an unbending orthodoxy of 
belief were the cement of the fortress, the conditions of its solidity and immunity, 
and the protection of its sacred store. We shall anticipate, then, that within its 
walls there would be no expansion, no breathing of the human spirit, but the immo- 
bility of a great rock, the silent watch of its sentinels, the enslavement of the poor 
and the needy, and the bondage of the human mind . . ._ Heresies were per- 
secuted not as religious but as political perils. Unfortunately in this, as in too 
many other periods in the world’s history, machinery, when it has served its 
_ purpose, is not scrapped in due time, but endures to the stifling of young ideas and 
the bondage of young limbs.”’* 


The Byzantine Empire lasted until 1453, surviving even the 
invention of printing, but it never attained to the multiform life 
of the later Middle Ages. As Hirschberg says,.it merely went on 
marking time in the past. 

Among the later Greek and Roman writers, beginning with Galen 
and Celsus, there had arisen a custom which was to be the fashion 
in medical literature for over a thousand years, namely the attempt 
to summarize all extant medical knowledge into one massive treatise. 
-This.was to be as characteristic of Bartholomeus Anglicus as of Pliny, 
of Niccolé Falcucci as of Galen or Avicenna. Of the great compilers of 
Byzantium, only three need concern us, Oribasius (325-403 A.D.), 
Aetius of Amida (6th Century, A.D.) and Paul of Mgina (625-690 
A.D.). The works of these men are wonderful and even fascinating 
summaries of the medical writings of antiquity. Their pediatric lore 
is considerable. 

Oribasius (325-403 A.D.) gives Aristotle’s lost observations on 
the eight-month’s child, and long chapters (Daremberg’s Oribasius, 
IfI, 117-182) on the rearing of infants, the choice of a nurse, the 
quality of milk, the education of a child up to 14 and after, and the 
regimen of childhood according to Mnesitheus, Rufus of Ephesus, 
Athenzus and Diocles. 

He cites the recipe of Mnesitheus for “rheuma of the brain” (cold in the 
head): Do not anoint with honey, but bathe the child in a warm bath, pouring hot 


*Sir T. C. Allbutt, Byzantine Medicine (Finlayson Lecture), Glasgow Med. 
Jour., xxx (1913), 4.s., p. 323. 
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water on its head, and making it eat much honey; then induce vomiting by tickling 
the throat, in order to void the phlegm. Meat is bad for infants, also thick soups, 
as creating phlegm. Honey is the natural first food: its sweetness is attractive 
and it purges the intestines of meconium (Rufus of Ephesus). It is very bad for 
the nurse to eat celery, mint, or garlic, as affecting the milk and inducing epilepsy 
and pustules in the child. Children born thin are apt to take on flesh because 
they need it, while those born fat, with rosy cheeks, usually get thin later, because 
puffy children need evacuation. Never frighten infants, as it may lead to infantile 
convulsions or epilepsy. Never bleed children under 14, Congenital hypo- 
spadias, with the urethal opening in the lower surface, also epispadias, are de- 
scribed at length, with surgical treatment. Antyllus’ account of phimosis, para- 
phimosis, and dislocated phimosis is preserved in Oribasius. Three varieties of 
hydrocephalus (between the skin and pericranium, between pericranium and 
cranium, between cranium and the cerebral membranes) are described in great 
detail. The observations of Galen and Archigenes on white, red and black aphthz 
and their frequency in Egypt recur in the Byzantine compilation, and erysipelas 
is again mentioned. Skin eruptions from perspiration and other causes are 
enumerated among children’s diseases and are also ascribed to unwholesome milk 
or contagion from the maternal parts at birth. Diaphoretic remedies are pre- 
scribed for the wet-nurse. The directions for the education of children in Oribasius 
are refreshingly modern in spirit. In the seventh or eighth year boys and girls 
should be confined to genial, humane tutors, whose encouraging praise and pleasant 
flow of language will inspire them to excel. A generous diet, too, must not be for- 
gotten (modern school-lunches for children). Bitterly censorious teachers who 
obstinately uphold their authority everywhere, will only make slavish, cringing, 
fearful! pupils, disgusting them with the objects of instruction. How can it be other- 
wise, he says, when the child, which loses its presence of mind when beaten, is yet 
required to learn and memorize what it learns? Children who are tormented with 
instruction all day, and not allowed to play, are in exactly the same class with 
servants, who break down from unintermitting labor without recreation. At 
twelve, languages and the mathematics should be begun, with bodily exercise under 
experienced instructors, who know the right measure and the right time for eating, 
gymnastics, bathing and sleep. Most people will engage thoughtful or experi- 
enced men to look after their stables, at a liberal salary, while they entrust their 
children to inexperienced teachers, usually ignorant persons who have already 
failed in life. 


There is much sound pediatrics in the huge “Tetrabiblion”’ of 
Aetius of Amida, who was royal physician to Justinian I (527-565 
A.D.) and lord high chamberlain at the Byzantine Court. 


Lingual adhesion is described as a common abnormity, with semeiology; the 
acquired form is usually due to hard sublingual ulcers and cicatrices. Movement 
of the tongue and sucking the breast are difficult, speech comes late, and words 
containing the letters R, L and K are difficult to pronounce. An operation for 
severing the frenulum is given. Ranula (ranunculus) is described as a sublingual 
tumor, usually affecting the veins. Acquired umbilical hernia, from distension 
of the abdomen by faulty diet and flatulent colic, is clearly recognized. The 
symptoms of tonsillitis are: marked fever, difficult swallowing, constipation, 
increase of pain in the evening, pain in the ears, difficult breathing. Gargles, 
liquid and semi-solid foods and blood-letting are prescribed, and, if there is sup- 
puration, an Egyptian salve of resin with turpentine, honey and sweet oil. There 
is some evidence that Aetius knew of the scarlatinal anginas. Incontinence of 
urine is differentiated as either continual and dribbling or occasional and noc- 
turnal: The former is attributed to paralysis of the sphincter of the bladder. 
Drinking water in the evening and irritating applications to the parts are ae as 
Hiccough, from hasty suckling or from cold by wetting the clothes, is gees | by 
caraway seed, acidum scyllinium, holding the breath, production | of Det 
elevating the extremities and bringing them together, and cold. Otitis is treate 
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by trickling in albumen mixed with human milk; aural discharges by irrigating 
the ear with alum and wine and plugging it with soft wool. Eczemata are defined 
as painful, non-purulent pustules, resulting from heat and perspiration. Herpes 
is ascribed to accumulation of yellow bile in the locality affected. If it collects 
in quantity with ulceration of the whole skin, it is “herpes exedens.” 


Alexander Trallianus (525-606) left a treatise on intestinal worms, 
which was translated into Latin by Hieronymus Mercurialis (Venice, 
1570) and subsequently incorporated in his pediatric treatise (1583). 

Paul of Aegina (625-690), the last of the great Byzantine compilers, 
begins his Epitome with a series of compact chapters on the complaints 
of pregnancy, the wet-nurse, the milk, how to correct bad qualities 
of milk, the management of infancy, infantile eruptions, cough and 
defluxion, pruritus, dentition, aphthe, excoriations of the thighs, 
discharges from the ears, siriasis, the regimen of childhood and youth, 
exercise, the kinds of friction, vociferation or exercise of the voice, 
constriction of the skin and lassitude. Whoever wishes to gain a 
bird’s eye view of pediatrics from classical antiquity to the late Renais- 
sance period, will do well to read these terse chapters in the English 
version of Francis Adams of Banchory, with his scholarly and illumi- 
nating commentaries. Much of the Pauline pediatrics is taken from 
Oribasius, going back from Oribasius to Galen, Soranus, and their 
predecessors, while the same material was copied and carried forward 
in a monotonous, almost mechanical, way by Rhazes, Haly Abbas, 
Avicenna, Bagellardo, Metlinger and the later Renaissance writers. 
Oribasius and Paul are, in fact, half-way houses between remote 
antiquity and such pediatrists of newer stamp, as Walter Harris or 
Underwood. The old thumb-nail and rennet tests for nurses’ milk, 
for instance, which originated with Soranus, were passed on by Ori- 
basius and Paul to author after author, long after Soranus and the 
Byzantines, who cribbed his material, had been forgotten. The 
vegetable remedies for infantile disorders proposed by Oribasius and 
Paul were enormously multiplied, for each disease, by the drug-fancies 
of the Arabian physicians. 


Paul describes ranula (ranunculus) as an inflammatory sub-lingual tumor, 
usually occurring in childhood (III, 26). To Soranus’ treatment of imperforate 
anus, he adds excision of the occluding membrane with the scalpel, irrigating the 
wound with wine (a common procedure in the medieval treatment of wounds). 
Atresia of the pudenda, atresia vagine and imperforate hymen are clearly differ- 
entiated (VI, 72), with directions for exploration with an instrument, incision or 
excision with a fistula-scalpel, and plugging of the vagina with a tent of charpie. 
Three kinds of hermaphrodism (after Leonides) are noted in males, and one in 
females (IX, 69). In the extensive chapter on ophthalmology, congenital strabis- 
mus is described for the first time as a spasmodic affection of the muscles moving 
the eye (III, 22). The squint is remedied by a visor-mask, compelling the child to 
look straight forward. This was afterward figured in the illustrated ophthalmolog- 
ical treatise of George Bartisch (Dresden, 1583). A lamp is placed opposite the 
mask, so as not to shine obliquely; then the eye is turned to the nose; purple 
flocks of wool should be fastened to the outer angle of one eye, so that by looking 
at them steadily, the patients may correct the state of vision.” Eczemata and 
impetigo in children are mentioned (IV, 3) and an attempt is made to differentiate 
between the splotches of leprosy and those of psoriasis. 
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In the Byzantine Period, the early Fathers of the Christian Church 
concerned themselves not a little with medicine. Tertullian surpassed 
all others in his scientific and medical knowledge. (Harnack). 


In support of the Christian doctrine that even the unborn child is endowed with 
a soul, he speaks of the “unconscious intelligence” of climbing plants, and main- 
tains that even the crying of the child shows its consciousness of birth into life. 
“Tt recognizes mother, nurse and wet-nurse by their breasts, rejects an unfamiliar 
breast, dislikes a strange bed, and will only go to persons whom it knows.” Devel- 
opment depends upon environment and education. Dull, stupid people come out 
of Thebes, the Athenians are the cleverest in thought and speech, and in the pre- 
cinct of Colyttus, where Plato was born, children learn to speak a month earlier 
than is usual. The soul originates with generation of the foetal body, as preg- 
nant women know, for still-born children are evidence that life was once in them. 
In this doctrine, the soul is actually generated at impregnation and unfolds itself 
at puberty, an argument which was the mainstay of Christian antagonism to 
abortion and infanticide. Craniotomy and dismemberment of the fetus to save 
the mother’s life are attacked for the first time in the writings of Tertullian. 
Eusebius (302 A.D.), Gregory of Tours (581) and Marius, Bishop of Avenches 
(570) described epidemics of small-pox, which was first called variola by Marius. 
Diphtheria is called ‘“esquinancie” (cynanche) in the Chronicle of St. Denis (580), 
and Roman epidemics of 856 and 1004 were described by Baronius, and, in Byzan- 
tium (1039) by Cedrenus. In the 5th century, A.D., the German barbarians 
designated crooked limbs as ‘‘krump,” and humped backs as ‘‘hover;’’ the Anglo- 
Saxons called the rhachitic pigeon-breast ‘‘the sharp bone”’ (scearpan banum) and 
the narrow chest “angbreast’’ (Heyne; Héfler).* 


ISLAM 


(732-1096 A.D.) 


In the Byzantine civilization, we see a rigid scheme of political 
dogma imposed upon an isolated community for an extraordinary 
period of time. In the Mohammedan world, we see the same thing 
distributed down to the present time over the widest area of space. 
Whether in Egypt or India, Bosnia or Persia, Islam remains the same. 
Fatalism and resigned submission to authority characterize the 
Mohammedan faith, and like the Greeks and the Romans in classical 
antiquity, the Moslem sees epidemic diseases as scourges of God and is 
ignorant of the fact of contagion. A rigid conservatism prevented 
him from grasping the larger problems of public hygiene, and what 
progress he made in the sanitation of private life was due to the 
wise teachings of the Prophet, and to the native ingenuity of the 
Moslem chemists and craftsmen. To Mohammed was due the inter- 
diction of female infanticide (Koran, XVI, 60-61) and the state care 
of foundlings. The pagan Arabs of the pre-Islamitic period buried 
_ their daughters alive. 


The Koran} prescribes that mothers shall suckle their children for two full 
years (II, 233), or that the total period of pregnancy and lactation up to weaning 


i érper 1 1 hen von den 4ltesten 

* Moriz Heyne: “Kérperpflege und Kleider bei den Deutse 
geschichtlichen Zeiten, etc.., Leipzig (1903), p. 22. M. Hofler, Altgermanische 
Heilkunde (Puschmann, Handbuch der Geschichte der Medizin, Jena, i (1902), 
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shall be thirty months (XLVI, 14). If the mother is unable to suckle her child a 
wet-nurse may be employed (LXV, 6). In the Koran, the stratagem mentioned 
in Exodus (II, 1-9), whereby the aunt of Moses secured his mother as a wet-nurse, 
has the variant that Egyptian wet-nurses were first offered and rejected (XXVIII, 
11), which Opitz interprets as meaning that Mohammed believed that maternal 
milk strengthens the racial characteristics in a child. These are the only pediatric 
items in the Koran, a book in which honey is specified as the sole and universal 
human remedy (XVI, 71).* The rest of Arabic custom in regard to the care of 
infancy is preserved in the Mohammedan books of ethics as handed down by 
tradition. At birth, the child is washed, swathed and carried by the chief malawi 
to a gathering of male relatives who chant the azan and the iquamah (calls to 
prayer) in the child’s left ear, as the Prophet is said to have done to his grandson 
Hassan. Following another action of Mohammed’s, the malawi then chews a bit 
of date-fruit and puts it in the child’s mouth. Alms are then distributed, in 
weight equal to the weight of the infant’s hair, shorn for this purpose, and verses 
from the first chapter of the Koran are recited for the health and prosperity of the 
child. The friends and neighbors then visit the home with presents and con- 
gratulations. The infant is named on the seventh day, usually after the Prophet, 
his followers or relatives, or some member of the child’s family. On the same day 
is observed Mohammed’s ceremony of the agigah, that is the sacrifice to God in the 
name of the child of two young unblemished he-goats in the case of a boy, or one 
he-goat for a girl. The animals are dressed and cooked, and, as the friends par- 
take, they pray as follows: 

““O God! I offer to thee, instead of mine own offspring, life for life, blood for 
blood, head for head, bone for bone, hair for hair, skin for skin, in the name of the 
great God, I do sacrifice this goat.” 

This ritual of substituting a scapegoat for the sacrifice of the child itself is 
enjoined by Mohammedan law and observed in all parts of Islam. On the fortieth 
day, the mother is purified and is then free to go about as usual. On this day the 
child is placed in a swinging cradle. If a wet-nurse is employed, she must be a 
woman of well-balanced temperament, since her traits are apt to be communi- 
cated to the child. As soon as a boy can talk, he is taught the opening phrase of 
the Koran (Bismillah). He is then sent to school to learn the alphabet and to 
recite certain chapters of the Koran. The memorizing of the whole of the Koran 
completes his religious education. To this are added the ordinary rules of arith- 
metic. Schools are very numerous in the Mohammedan world. Sir Richard 
Burton said that “Islam orders a school to be built by whoever erects a mosque.” 
Circumcision (khitan) is not mentioned anywhere in the Koran, but it is held to be 
sunnah (necessary and proper), and according to the tradition of the Prophet, 
who was assumed to have been circumcised. It is usually done in the seventh year, 
but it is lawful that it be done on the seventh day after birth or at any time between 
the seventh and twelfth years. The rite is usually performed by a barber and 
consists in drawing the prepuce tightly forward with a bamboo forceps, causing 
great momentary pain, which is swiftly terminated by a brisk downward stroke of 
the knife. The hemorrhage is checked with burnt rags and ashes. In Egypt, the 
rite is preceded by an elaborate street-parade and ceremonial (Lane). Puberty 
is established by the inception of virility and menstruation, and is declarable at 
15 in both sexes. The Mohammedan theory of life is that a boy should be edu- 
cated as soon as he is weaned, taught gravity and decorum by extreme respect for 
his parents and the society of his elders, inured to hardship and contempt for 
luxury, set to employment he is best qualified for (vocational aptitude being 
often determined by horoscope), and married as soon as he is established in the 
world. The training is stoical, designed to make warrior-gentlemen. The only 
objects of food, worldly possessions, sleep, etc., are the maintenance of health. 
Food and drink are held to be medicine for the cure of hunger and thirst and are 
to be as sparingly used as drugs. Delicacies and a varied diet are scorned. Sub- 
sistence upon a single dish or upon dry bread is held to fit a man for hard times. 


* K. Opitz, “Die Medizin im Koran.” Stuttgart (1906), pp. 15-16. 
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Little meat is eaten and liquids are not drunk at table. Physical hardening 
is attained by intensive exercise. To sleep by day is despicable. Strong drink, 
sweetmeats and unusual creature comforts are forbidden. Wealth and luxury 
are despised as diminishing the capacity to endure the desert, if necessary. The 
attainment of an elegant dignified style of manners is a worthy ambition. Actions 
are open and above board, lest they be culpable, and a child is trained to silenec. 
The seven deadly sins of Islam are ‘disobedience to parents, idolatry, murder, 
falsely accusing modest women of adultery, wasting the property of orphans, 
usury, and desertion of an expedition against infidels.” The grave decorous 
attitude of the boy toward his parents fits him, as Lane says, for an abrupt intro- 
duction into the world, and for society.* Sir Richard Burton, + however, found 
the children at Medina, like the enfants terribles of India, ‘a nursery of madlings, 
pulling to pieces everything they could lay their hands upon, and using language 
that would have alarmed an old man-of-war’s-man.’”’ He says that “parents 
and full-grown men amuse themselves with grossly abusing children, almost as 
soon as they can speak, in order to excite their rage and to judge of their disposi- 
tions.” The object is to temper them for life. Punishments are often in the 
nature of tongue-lashing, and, in corporal punishment, blows are short, sharp, 
decisive and few in number, lest punishment lose its power. Girls do not learn 
to read or write, but are brought up in rigid seclusion and taught only domestic 
matters. Burton, in his “Notes on Waitz’s Anthropology,” says of the Oriental 
policy of seclusion: ‘‘The Muslimah is certainly guarded from temptation; and 
when she falls into it she is deservedly punished. The Christian woman is 
exposed to every risk, and placed upon a comfortless eminence, that publicity 
may deter her from yielding.” { Although the tales of Aladdin and Sinbad 
have delighted the children of civilized humanity for centuries, the entire Arabian 
Nights contain only two references bearing upon our subject, viz., that Arab infants 
are commonly carried astride the nurse’s hip or shoulder and that the expres- 
sion “child of the nurse’”’ implies that an individual has been delicately reared 
(Burton). 


The pediatric literature of Islam is meagre and far inferior to that 
of Byzantium. Rhazes, Avicenna and Haly Abbas, in fact, took 
much of their pediatrics from Oribasius and Paul of Aigina. 
Appended to the ten books of Rhazes (869-962) “ad Almansorem” is 
a brief pediatric treatise (De egritundinibus puerorum et earum cura) 
in 24 chapters, each descriptive of a separate disease. This treatise 
was liberally copied by Avicenna, Bagellardo and the subsequent 
authors. 

The chapters deal with an impetigo-like head eruption (sahafatt), a favus 
variety of the same (favositas puerorum), hydrocephalus, tympanites (inflated 
abdomen), sneezing (coryza), wakefulness, epilepsy, indigestion, aural discharges, 
purulent otitis (de veneno fluente de auro), diseases of the eyes (conjunctivitis), 
infantile strabismus (de obliquitate visus), disease of the teeth, aphthe, vomiting, 
diarrhea, constipation, cough, pruritus and rashes, intestinal worms, umbilical 
hernia, fissure (de crepatura), vesical calculus, and relaxation and spasticity of the 
limbs and body (siphac).§ The merit which these individual chapters possess 
over other clinical paragraphs of the same kind, for a long time before and after, 
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is that the semeiology of each disorder is clearly stated, as far as the author’s 
knowledge goes, that where etiological reasoning is attempted, a simple common- 
sense cause (such as corruptio lactis) is assigned, with little reference to humoralism. 
The treatment, while mainly herbal, is usually plain and simple with a little touch 
of superstition here and there. Rhazes notes the yellow stools and griping pains 
in infantile diarrhea (albedo in egestione et tortio in ventre), and recommends the 
application of an emplastrum constipans to the abdomen. For insomnia, oil of 
violets in vinegar or oleum anetinum with lettuce juice are put in the child’s 
nostrils, and, of course, it is allowed to suck syrup of poppies, while the temples and 
forehead are bathed with oil of opium and crocus. In epilepsy, the diet is to be 
regulated, the nurse purged; the child is given only what milk it can digest; 
it is given asafcetida to smell, and (a remnant of the cult of Apollo) a peony is sus- 
pended around its neck and an emerald attached to its feet. Poppies, among 
other simples, are exhibited in cough. In vesical calculus, the strangury, ten- 
uous stream of urine, great pain and penile pruritus are noted. The prescrip- 
tions for syrups, electuaries, plasters, etc., are written in modern style, with the 
Arabic symbols. 


The treatise on smallpox and measles of Rhazes, translated into 
English by W. A. Greenhill (1848), is perhaps the most remarkable 
contribution to internal medicine between Hippocrates and Sydenham. 


After making the usual obeisance to Galen, who has vague references to small- 
pox, Rhazes notes the frequency of the disease in children, and gives a most minute 
account of the semeiology, differentiating it from measles; the mild and fatal 
varieties of both diseases are carefully defined; the dangers to the eyes, ears, nose, 
throat and joints are accentuated in a special chapter; the prevention and treat- 
ment are detailed at great length, viz., cupping in sucklings, venesection after 14, 
the diet “such as extinguishes heat,’’ snow-water and other cooling drinks, acid 
fruits, cold baths, etc., warm compresses, to accelerate the eruption; with special 

‘treatment for the eruption and the scars. 


According to Hennig, Rhazes held that cheese causes calculi 
and overfeeding scrofula. He showed that the urachus lies in the 
umbilical cord. _ 

The ‘Canon” of Avicenna (980-1036) contains (Lib. I, Fen. 3) 
four chapters on the hygiene of newborn infants, the regimen of 
the diseases of infancy and the hygiene of childhood, followed by 
19 chapters on the hygiene of adolescence, including exercise, bathing, 
diet, sleep, and the overcoming of lassitude. 


After the usual directions for bathing and swathing the child and the selection: 
of a wet-nurse, the following diseases are mentioned in remarkable terse fashion, 
with neither definition nor semeiology, but a considerable amount of dry detail 
as to treatment: vomiting, abscesses (apostemata) in the gums and mouth during 
dentition, tetanus, cough, rheumatism, aphthe, otitis media, meningitis and cere- 
bral abscess, hydrocephalus, conjunctivitis, cataract (albedo in pupillis), fevers, 
coryza, pustules on the body, tumors in the groin, umbilical abscess, sleepless- 
ness, hiccough, vomiting, weak stomach (stomachi debilitas), terrifying dreams, 
abscess in the throat, stertorous breathing in sleep, tympanites (ventris inflatio), 
hernia, tenesmus, worms and abrasion of the hip (femoral intertrigo). The 
subject mtter is obviously derived from Rhazes, with a few extra therapeutic 
wrinkles. In the chapters on childhood and adolescence, the child is to be guarded 
against excesses of temper and low spirits and if its sleep is restless, alternate 
playing and feeding are recommended. At six, when the child’s instruction begins 
it should be allowed to learn gradually and not be driven, and there must be more 
exercise before eating and less bathing. Wine is interdicted, as a cause of conges- 
tion, choler and frequent urination. Exercise is treated at great length. 
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Avicenna described anthrax (Persian fire) the Guinea worm 
(Vena medinensis), recognized the sweetish taste of diabetic urine 
(known also to the Hindus) and standardized the irrigation of wounds 
with wine for the entire Middle Ages. The Juntine editions of 1595 
and 1608 contain striking plates of the Hippocratic method of treating 
spinal deformities by forcible reduction, reintroduced by Calot in 1896. 
; Ali ben Abbas or Haly Abbas( -994 A.D.) maintains that male 
infants are born heavier than females, mentions a case of superfetation, 
recommends treating atresia ani with the finger or phlebotome, and 
in his “Liber Regius” (I, IX, Chap. 63, I, 19-22) gives some details 
about the diseases of infancy (Hennig). 
The surgical treatise of Albucasis (11th Century) contains chapters 
on the operative treatment of infantile hydrocephalus (Chap. 1), 
the extraction of teeth (Bk. II, Chap. 30), the treatment of con- 
genital imperforate urethra (Chap. 55), the repairing of effects of 
malpractice in circumcision (Chap. 57), the treatment of imperforate 
anus (Chap. 79). 


THE MIDDLE AGES 


In the Middle Ages, the power of imperial Rome did not end 
with the downfall of the Roman Empire, but was modified by the 
teachings of Christianity, and for over a thousand years the great 
city continued to be a world-center under the sway of the Roman 
Catholic Church. The utterances of Christ himself about children, 
the Latin hymns of Ambrosius, St. Augustine’s account of his boyhood, 
and the many figurations of the Madonna and the Christ-child in oil 
painting, majolica and terra cotta are all eloquent of an entirely new 
feeling toward childhood and parenthood. Through the influence of 
Christianity, edicts against infanticide and the selling of children into 
slavery were issued by the Roman emperors Constantine (315, 321), 
Valentinian, Valens and Gratian (374), Valentinian, Theodosius and 
Arcadius (391) Honorius and Theodosius (409), Theodosius IT (438), 
Valentinian III (451), but beginning with Barnabas, a contemporary 
of the Apostles, the founders of Christianity had, long before this 
period, established the fact that infanticide, by exposure or otherwise, 
is a heinous crime. Ina long series of bold, vigorous pronouncements 
addressed directly to the people, the fathers of the Church denounced 
infanticide and abortion, in the manner of the Hebrew prophets. * 
The belief that even the unborn child has a “soul” did much to obliter- 
ate these practices. ft 

The sentiment goes back to a passage in a letter attributed by 
Origen to Barnabas, a contemporary of the Apostles: “Thou shalt 
not slay the child by procuring abortion, nor again shalt thou destroy 
it after it is born.” Justin Martyr (2nd Century A.D.) said that 


* For the Latin texts, see J. F. Terme and J. B. Monfalcon: “Histoire des 
enfants trouvés,”’ Paris (1840), pp. 69-74; and the effective summary of Payne, 


op. cit., pp. 257-271. 


+ Lecky, “History of European Morals,” New York, ii (1869), pp. 34-36. 
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‘to expose newly born children is the part of wicked men”’; and, ave 
equal force, he stigmatized the sin of rearing girls only for the trade oO 
prostitution. His feeling about marriage (“If we marry, it is only 
that we bring up children’’) is at one with that of Virchow (‘Man 
schliesst doch keine Ehe um kinderlos zu bleiben’’). Tertullian (200 
A.D.) made bold to address the sovereign power of Rome itself in the 
following language: ‘‘Rulers of the Roman Empire, seated for the 
administration of justice on your lofty tribunal—you first of all expose 
your children, that they may be taken up by any compassionate 


Fia. 3.—Rogier van der Weyden (1400-1464): St. Luke in physician’s garb. 


passer-by,” and addressing the people themselves, he says: ‘‘ Although 
you are forbidden by the laws to slay new-born infants, it so happens 
that no laws are evaded with more impunity or greater safety, with the 
knowledge of the public and the suffrage of this entire age.’””? Clement 
of Alexandria ( -—220 A.D.) said: “Man is more cruel to his offspring 
than animals.”’ Minucius Felix (2nd Century A.D.), a Roman lawyer 
converted to Christianity, attributed the practice of infanticide to the 
callous pagan trait of delight in bloody sacrifice, and likened those 
who followed it to aboriginal Saturn, who devoured his own offspring. 
Lactantius (4th Century A.D.) said that to strangle newborn children 
is the greatest impiety, “for God breathes into their souls for life, not 
for death.” And again, he says: “It is as wicked to expose as it is 
to kill.” Basil the Great (330-379 A.D.) and Ambrosius (340-397 
A.D.) fulminated against the sale of free children to gratify the avarice 
of their parents’ creditors. The exhortations of the Fathers were, 
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in time, actually read into the decrees issued by the Councils of 
the Church,* thus continuing the spirit of the edicts pronounced 
by the better sort of Roman emperors. In 314, the Council of Ancyra 
decreed that a woman who killed her offspring should not be per- 
mitted to enter a church for the rest of her life. The Council of 
Nica (3825 A.D.) decreed that, in each Christian village, a xeno- 
dochion, or hostelry for the sick, poor and vagrant, should be estab- 
lished. Some of these xenodochia became brephotrophia or asylums 
for children. The Council of Vaison (442) provided that an aban- 
doned child should find sanctuary in a church for ten days, that its 
parents might be found, after which false claims upon the child were 
punishable by the Church laws against homicide. This was confirmed 
by the Councils of Arles (452) and Agde (505), and mothers, who 
were driven to abandon their new-born offspring through shame 
or poverty, now left them in the marble receptacle at the church 
door. This privilege was freely granted at the Council of Rouen. 
The Council of Constantinople (588) compared the crime of infanticide 
to that of homicide, and finally Sixtus V (1585-1590) and Gregory XIV 
(1590-1591) decreed that those guilty of infanticide should suffer 
capital punishment. Finally, the legal code of Justinian (528-534) 
conferred absolute liberty upon foundlings, and a law of 553 decreed 
severe punishment for the enslavers of exposed infants. These drastic 
enactments, which indicate the frequency of infanticide in the early 
days of Christian Rome, were the direct outcome of the teachings of 
the Fathers of the Church. When we reflect that much of the antag- 
onism of the proud Roman toward the early Christians is voiced in the 
famous sarcasm of Gibbon—that their religious scruples “contributed 
rather to exclude them from the service than to excuse them from 
the honors of the State and the Army,” we can appreciate all the 
more the courage which impelled them to live up to their convictions 
in the stand they took for the rights of the child. As Payne says, when 
‘‘Church and State unite in defense of the child’s right to live, then, for 
the first time in history, religious and civil law became identical with 
humane sentiment.” Among the Gaulish and German barbarians, the 
patria potestas was absolute. Exposure and infanticide were not 
infrequent, and were punishable in the Salic, Alemannic, and Visigothic 
codes by a wergeld (blood-money), which was only in the nature of a light 
fine. The Visigothic Code was more severe in the matter of abortion. 

In the Dark Ages, thousands of children were exposed, abandoned 
- or sold into slavery by the impoverished inhabitants of Gaul, Germany 
and Britain, and not only did those wanderers sell their own offspring 
and the exposed infants they had picked up, but even stole the children 
of the well-to-do for this traffic. Some of this misery was alleviated by 
holy men, who purchased these children outright as chattels of the 
Church. : 

In 787, Datheus, Archbishop of Milan, founded the first asylum 
for abandoned infants in the following declaration: 


* Terme and Monfalcon, op. cit., pp. 78-81. Payne, op. cit. 
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“Now, therefore, I Datheus, for the welfare of my soul and the souls of my 
associates, do hereby establish in the house that I have bought next to the church, 
a hospital for foundling children. My wish is that as soon as a child is exposed at 
the door of a church, it will be received in the hospital and confided to the care of 
those who will be paid to look after them.’’* 


The foundlings thus cared for were taught a trade and given their 
freedom at the age of eight. 


Other foundling asylums were later opened at Montpellier i 
(1199), Embeck (1274), Venice (1380) and Florence (1421), Sane 
century, there were 900 children in the foundling asylum at Naples. Others 
existed at Rome, Berglac and Troyes. A new asylum was opened at Milan in 
1168, and in 1204, Innocent III, moved by the many bodies of infants fished up out 
of the Tiber, dedicated part of the hospital of Santa Maria in Sassia (1198) nek the 
care of foundlings. The famous Spedale degl’ Innocente at Florence was founded 
on October 25, 1168. Another was built by Brunelleschi in 1450. The first 
combined lying-in hospital and foundling asylum was founded by Enrad Fleinz at 
oe a ae In cid a similar orphan asylum was founded at Paris. A 

ull of Nicholas ives a long list of these institutions i ‘ ici 5 
es ee us aah g ese Institutions in Italy, Sicily, Germany, 


* Payne, op. cit., p. 294. 
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In 1528, the Hétel Dieu of Lyons, the oldest hospital in France, 
began to take in children. But the new movement for the protection 
of friendless children was to culminate in the devotion and labors of 
St. Vincent de Paul (1576-1660). 

In the art of the Middle Ages, the Madonna and Bambino were 
favorite themes of painters, and many scenes in the lying-in room, 
including the bathing and swathing of the new-born, are preserved in 
oil, fresco, majolica, ivory relief and the wood-cuts of the time. 

The lying-in room is usually represented as filled with busy people, 
and the nurse-maid is often figured as testing the temperature of the 
water for the baby’s bath with bared feet. Breast-feeding was the 
rule everywhere, and the wet-nurse as foster-mother of the child, held 
her own until the 19th century when “the sucking-bottle, a kind of 
pocket wet-nurse, was her undoing” (Forsyth).* That the danger 
of suffocating infants by overlying was recognized is indicated in a 
German placard of 1291, cited by Sudhoff (Dresden Catalogue, item 
6375), forbidding mothers from taking to bed with them infants under 
three years of age. 

In medieval medicine, there was much excellent surgery, and the 
Jewish concept of the actuality of contagion was definitely read into 
the many hygienic ordinances improvised by municipalities against 
leprosy, bubonic plague and syphilis. Internal medicine was, however, 
mainly scholastic in character, and most treatises of the time were 
either translations or compilations from the medical writings of the 
ancients. This tendency of the pre-Renaissance period, receptive yet 
credulous, may be summed up in the words of Dr. Johnson.f 


“earning was then rising in the world; but ages so long accustomed to dark- 
ness were too much dazzled with its light to see anything distinctly. The first 
race of scholars in the fifteenth century, and some time after, were for the most 
part, learning to speak rather than to think, and were therefore more studious of 
elegance than of truth. The contemporaries of Boethius thought it sufficient to 
know what the ancients had delivered. The examination of tenets and of facts 
was reserved for another generation.” 


In other words, the internists of the time frittered away their 
opportunities, for the most part, in the attempt to achieve huge 
summaries of everything known in the past (swmma medicinalis), after 
the fashion of Galen, the Byzantine writers and Avicenna. Where 
internal medicine is really forward and flourishing, as in the eighteenth 
century, pediatrics is sure to thrive. 

The Middle Ages made no contributions of value to the literature 
of pediatrics, unless we include the three treatises of Bagellardo, 
Metlinger and Roelants, which were published by authors who flour- 
ished long after the invention of printing. 

*D. Forsyth, Proc. Roy. Soc. Med., London, iv (1910-11), pt. 1, Sect. Dis. 


Child., p. 113. 
7 Samuel Johnson, 
(1775). 


“A Journey to the Western Islands of Scotland.’”’ London, 
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In the palmy days of the School of Salerno, the writers of the twelfth and 
thirteenth centuries began to produce lengthy treatises on the practice of medicine, 
in which the different local diseases were handled seriatim ‘“‘from head to heel” 
(a capite ad calcem). Pediatric knowledge, in such treatises as these, was not 
segregated and individualized, but was scattered about through the chapters 
on epilepsy and other diseases liable to affect infancy. Thus the gynecological 
treatise of Trotula (De passionibus mulierum) contains, contrary to ancient custom, 
short chapters on the regimen of infancy, the election of a wet-nurse, and no more. 
This is also true of the Physica of St. Hildegarde (1099-1179). The obstetric 
portion of the Breviary of Arnold of Villanova (1235-1312) treats of a few female 
complaints with lengthy directions for the prevention of conception and the 
artificial production of pseudo-virginity (ut mulier non concipiat, et ut virgo videatur). 
The same thing (De sophisticatione vulue) is found in the Compendium medicine 
(1510) of Gilbertus Anglicus (Handerson). The 13th century Régime du corps 
of Aldebrandino of Sierra contains two short chapters on the hygiene of infancy, 
childhood and adolescence.* The later writers on internal medicine, were, by 
preference, translators, “aggregators” (compilers), ‘‘concorders’”’ (arrangers) 
and “conciliators” (reconcilers of disparate doctrine). In the huge treatises 
of Gilbertus Angelicus ( —1250), Taddeo Alderotti (1223-1303), Peter of 
Abano 1250-1315), Bernard de Gordon (circa 1285-1307), and Niccold Falcucci 
( 1412), pediatrics is not anywhere featured as a separate subject, as in 
Soranus, Oribasius and Paul. The Practica of Savonarola (1390-1462) again treats 
only of diseases ‘‘from top to toe” (a capite ad pedes), after the Salernitan 
fashion. The tendency of internal medicine was purely scholastic. The out- 
standing contribution of the Middle Ages to infant welfare is to be found, not in 
the books, but in the efforts of the Church to check abortion and infanticide. 


THE RENAISSANCE PERIOD 


(1453-1600) 


The Revival of Learning in Europe really began with the printing 
of the Gutenberg Bible at Mainz (1454), one year after the fall of 
the Eastern Roman Empire (1453). After that event, the Greek 
scholars of Byzantium began to pour into Italy, and after the sack of 
Mainz (1462), the German printers spread over Europe, and began to 
publish books everywhere. The effect of all this was to disseminate 
knowledge in a rapid, effective manner, and with the revival of Greek 
culture there arose a new species of physicians, the medical philologists 
who supplanted the medieval compilers and commentators, and intro- 
duced the critical, challenging spirit in their examination of the older 
medical writings. In Germany, France and England, many medical 
books and tracts were published for the first time in the vernacular, 
and, through this medium, botany, surgery, obstetrics, ophthalmology 
took on a new lease of life. Anatomy received a tremendous impetus 
at the hands of Leonardo da Vinci, Vesalius, Eustachius and Fallop- 
pius, pathology was forwarded by Benivieni, the modern theory of 
contagion was stated in striking form by Frascastorius, chemical 
therapeutics was grounded by Paracelsus, and gynecology, pediatrics, 
medical jurisprudence and veterinary medicine began to be individual- 
ized in books devoted to these specialties alone. 

Infantile mortality in the sixteenth and seventeenth centuries 


. *Le Régime du Corps de Maitre Aldebrandin de Sienne, texte francaise du 
xille siécleéd. L, Landouzy et R. Pepin, Paris (1911), pp. 74-80. 
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was very high, owing to the low estate into which public and personal 
hygiene had fallen, on account of. the many wars and epidemics 
with which Europe had been plagued, and the indifference of the 
aristocracy to the misery of the people. By decrees of the Parliament 
of Paris in 1547 and later, the great nobles were required tu care 
for the foundlings abandoned in their domains, but the mandates 
were evaded or neglected. Although the churches and monasteries 
still looked after infants left at their doors, children were frequently 
found dead from cold and hunger on the streets, or were fished up 
drowned out of the sewers. Froude, at the beginning of his History 
of England, speaks of the almost stationary condition of the English 
population at this time. Yet the artists of the German and Italian 
Renaissance glorified maternity as the chief end of womanhood, 
and the lying-in roomi was frequently represented by Holbein and 
others, showing the modes of bathing, swaddling and cradling the | 
infant, the nurse usually testing the temperature of the water with 
her bared foot. 

Of the many pediatric treatises and tracts of the Renaissance 
period, the earliest were the late fifteenth century incunabula of 
Bagellardo, Metlinger and Roelants, the latter of which was destined 
to be almost obliterated under the name of Sebastianus Austrius. 

Pietro Bagellardo, of Fiume (Bagellardus de Flumine) ( ~—1494) 
began to teach philosophy at the High School in Padua in 1441, and 
medicine about 1444-58. In 1472, he became professor ordinarius of 
theoretical medicine, and continued to teach at Padua for eight 
years. He was known and respected even at Venice, whither he was 
invited by the Doge to view the remains of St. Luke in the church 
of St. Justina. He settled in Venice in 1480, and died there in 1494.* 
In 1472, he published the first distinct treatise on pediatrics (De 
aegritudinibus infantium) one of the first medical incunabula to be 
printed. Three separate editions of this work exist, viz., the small 
quarto of 40 leaves (80 pages) published at Padua on April 21, 1472 
(Hain, 2244), an Italian edition (sine loco) published on March 10, 
1486 (Reichling, 414) and the Paduan edition published on November 
10, 1487 (Hain, 2245).¢ The editions of 1472 and 1488 can be seen in 
the Surgeon General’s Library. 


This treatise, which follows that of Rhazes very closely in arrangement of 
contents and subject matter, begins with a florid dedication to Niccolo Truno, 
Duke of Venice, passing, over the page, into Part I, which deals with the care of 
the infant in the first month of life. . After the usual obstetric directions as to the 
careful examination of the newborn before severing the umbilical cord, the nurse 
is directed to place the child in a pleasantly warm bath, neither too hot, nor too 
frigid, and not salted after the Greek fashion; the child’s head being supported 
by the left hand of the nurse and the right hand cleansing all parts of the body 
with gentle friction; the child is then carefully wiped, swathed and cradled in a 
cool shady part of the house; its first food should be sugared baked apple (pomt 
cocti perfecta coctione permixto zucaro). Minute directions for lactation, choice of 

*K. Sudhoff, Janus, Amsterdam, xiv (1909), pp. 468-469. 

+ The bracketed figures refer to the check numbers of these incunabula in the 
catalogues of Hain and Reichling. 
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wet-nurse and care of the child up to the end of the first month follow. The direc- 
tions for crooning a song while rocking the cradle read very quaintly. Part i 
consists of 22 chapters dealing with infantile diseases, v2z., saphatie (tinea capitis) 
and favus, epilepsy, colic (spasmus), wakefulness, eye diseases (ophthalmia, 
tumefaction, strabismus), ear diseases (hemorrhage, otorrhea), abscess of the ear, 
aphthe (alcola), gingivitis, fissure of the lips, abscess of the throat, cough and 
rheumatism, diarrhea (flucus), constipation (stipticitas), tenesmus, worms, 
tympanites (tumor ventris), dysuria, incontinence of urine, umbilical, inguinal and 
scrotal hernia (ramex) and pruritus, pustules or excoriations (intertrigo) on the: 
legs, thighs, back and body. 


Bartholomeus Metlinger, a son of Peter Metlinger, an Augsburg 
physician, is mentioned in the tax-lists of Augsburg for 1472, and, 
in the same year, was enrolled for instruction at the new University 
of Ingolstadt. He died circa 1491-2, leaving a widow and children.* 
On December 7, 1473, his ‘‘ Regiment der jungen Kinder,” a folio incun- 
able of 27 leaves (Hain, 1112) was published at Augsburg by Giinther 
Zainer. This, the earliest pediatric treatise in the vernacular, passed 
through 8 editions (1474, 1476, 1497, 1500, 1511, 1531, 1539) and was 
turned into modern German by Ludwig Unger in 1904., The 1497 
edition has an illustrated title-page, representing a German domestic 
interior, with a swaddled child in the cradle, rocked by its mother’s 
foot. This work, in essence a popular treatise, is, as Abt says, of 
doubtful scientific value. 


Metlinger draws liberally upon the Greek and Arabian writers. Chapter I 
deals with infant hygiene up to walking and talking, after the practical fashion of 
Soranus. Chapter II deals with infant nutrition. It contains the first mention of 
the nippled nursing can (‘‘tiitlein oder krieglein”’) and the artificial teat (zepflin) 
for pap. Chapter III with eruptions of the scalp and face (nerys), for which a 
mercurial salve is recommended, hydrocephalus (Wechselbalg), meningitis (durstig), 
wakefulness (Wachen), convulsions (Vergicht), paralysis, otorrhea, conjunctivitis, 
strabismus, teething, tumors of the neck, aphthe, bronchial catarrh, disorders 
of digestion, jaundice, diarrhea (rur), constipation, prolapse of the rectum, worms 
and pains in the body, umbilical and scrotal hernia, urinary calculus, cutaneous 
ulcers, fever, erysipelas (gesegnet oder ungenad), measles and smallpox (durch- 
schlechten und platern). The therapy is extensive, often based on personal expe- 
rience (“und ich hab es bewdrt”’). Chapter IV deals with teaching the child how 
to run, and its training up to the sixth year, when it should begin studies. Wine 
should not be given to children under 7, preferably not to boys before 12, nor to 
girls before 14. 

The pathology is throughout humoral (Sudhoff). t 


Cornelius Roelants (1450-1458), of Mechlin (Brabant), matricu- 
lated (1466) at the University of Louvain, where he graduated in 
medicine in February, 1480, and was hospital- and city-physician at 
Mechlin during 1498-1525. He became a highly esteemed practitioner 
among the nobility, even attending the daughter of Emperor Maxi- 
milian. On February 10, 1494, he married Cecilia von Duffel, who 
died on February 16, 1519, leaving a son and a daughter. Roelants 

* Huber, Miinchen. med. Wochenschr., ly (1908), p. 1499. 

{ L. Unger, ‘Das Kinderbuch des Bartholomaus Metlinger.” Leipzig (1904). 

{K. Sudhoff, ‘Deutsche Medizinische Inkunabeln.” Leipzig (1908), pp. 


38-43. For a good analysis of the contents of Metlinger, see R. L i 
med. Presse, xliv (1904), pp. 1382-1390. ger, see R. Landry, Wien. 
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himself died, at the age of 75, on September 1, 1525 (Sudhoff). About 
1483-4, he published a pediatric treatise of 117 leaves (numbered 
78-194) of which only the first 77 are printed. The book is dedicated 
to Philip I (the Fair), Duke of Burgundy. Of this incunable, exhumed 
by Sudhoff, only two perfect copies are known, viz., those in the Hun- 
terian Museum at Glasgow and the University Library at Leipzig, 
but there are a few loose leaves in the University Library at Cambridge. 
Although this text is not accessible, a good account of it is given by its 
discoverer, Sudhoff.* 


After the fashion of the pre-Renaissance compilers who sought to arrange 
seriatim all the opinions of earlier writers on a given subject, Roelants styles him- 
self “aggregator Cornelius” and ‘“‘aggregator Mechlinensis,”’ patting his authorities 
on the back with a personal “bene dicit.’””, He draws on all known sources, from 
Hippocrates and Rhazes, Gerard of Cremona and Gilbertus Angelicus, to Saliceto 
and Argillata. Sudhoff has further traced his sources to an anonymous pediatric 
MS. of the 13th century which he has exhumed in no less than 17 medieval codices 
in the Vatican, Oxford and elsewhere, and to a pseudo-Galenic “practica puerorum” 
of late antiquity, in two MS. codices at Florence (14th century) and Prague 
(15th century). Although Roelants compiles opinions as a professional “‘aggre- 
gator,” he does not withhold his own experience. He speaks of the advantages 
of blood-letting in the nurse instead of the infant; recommends the blue ring-dove 
above other doves as an article of infantile diet; shows how the lentil of the Low 
Countries may be substituted for the “ligni cornua;”’ describes cancrum oris, 
feeble locomotion, tumors and treatment of ear diseases from his own experience; 
and criticizes textual corruptions in the MS. of Avicenna. 


Fifteen years after the death of Roelants, as Sudhoff has shown,t 
the credit of his work was practically taken away from him by Sebas- 
tian Ostricher (Sebastianus Austrius) ( -1550), of Ruffach 
(Alsace), a learned philological physician who practised at Colmar and 
published a commentary on the section on personal hygiene in Paul of 
figina (1538). Exasperated by the ‘barbarous kitchen-Latin”’ of 
Roelants, Ostricher undertook to make the text more readable and, in 
1540, issued it, rearranged, emendated and dressed up for posterity, as 
a new work, under his own name. Although he acknowledges the 
Flemish physician’s work as the basis of his own in the preface, he 
ignores him‘on the title-page, and the book of Roelants, in this form, is 
now known to pediatrists as ‘‘Sebastianus Austrius.” This book was 
reissued at Leyden in 1544, and again, with a commentary by Nicolaus 
Fontanus, at Amsterdam in 1642. As a summarizer of then existing 
knowledge, Sebastianus Austrius, the supplanter of Roelants, is 
eredited: with the outstanding pediatric text of the sixteenth century. 


Omitting infant hygiene and nutrition, the author plunges into his subject 
with descriptions of 54 diseases arranged ‘“‘d capite ad calcem” (from siriasis to 
femoral intertrigo), in as many chapters. The treatment is scholastic and the 
work should be of great value to pediatrists who wish to trace the changes of doc- 
trine in the texts of classical antiquity and the Middle Ages. The titles of dis- 
eases heading the successive chapters include all the synonyms, as in the Systems 
of Allbutt and Osler. The saphatie of Avicenna is identified with tinea capitis, 
favus (Rhazes) is ‘“‘kerion;’ night-fears are ‘““navores”’ (Hippocrates, Galen); 


* Sudhoff, Janus, Amst., xiv (1909), p. 465; xx (1915), p. 448. 
+ Sudhoff, Janus, Amst., xiv (1904), pp. 481-484. 
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epilepsy is the morbus comitialis of the Greeks, the mater puerorum of the Romans, 
and the morbus regius of the vulgar; paralysis is ‘“resolutio nervorum; infantile 
convulsions may range from colic to tetany; glaucedo (yabxouorrar) or hypochy- 
mata is not the glaucoma of Graefe, but a greenish suffusion of the eyes; ptilosis 
and psorophthalmia are featured; the parulides of Paul are abscesses of the gums 
and jaws; epulis is the vesica of Rhazes; aphthe is synonymous with alcola 
(Avicenna), calaba (Paul) and ulcus oris (Pliny); quinsy is squinantia; a weak 
stomach is stomachus fractus (Avicenna); diarrhea is alvi fluor, constipation alvus 
sicca; the chapter on incontinence of urine is entitled “de metentibus”’ (Paul). 
The work is prefaced by a dedication to Ferdinand, King of Bohemia, and the 
Hippocratic aphorisms on infantile diseases. It concludes with 19 aphorisms 
on infant hygiene and nutrition, of which the following are samples: 

3. The infant is to be fed solely on milk up to dentition. 

4, Wine and beer are harmful to children as befogging the brain and perturbing 
the mind by heat. 

17. Three modes of lightening the pangs of infancy: apposition of the nurse’s 
breast, gentle dandling and pleasant modulation of the voice. 

18. Red coral suspended to the suckling’s neck, reaching from the mouth to the 
stomach, prevents the vomiting of milk and promotes its digestion. 


A work of the same scholastic stamp is the large quarto treatise 
- (De morbis puerorum tractatus) of Geronimo Mercuriali (1530-1606), 
of Forli, published at Venice in 1583. Mercuriali was a learned 
medical graduate of Padua, who acquired his extensive knowledge of 
ancient medicine by seven years of study at Rome, at the instance 
of Cardinal Farnese. He held the chairs of medicine at Padua (1569— 
87), Bologna (1587-99) and Pisa (1599-1606). In 1569, he published 
a learned illustrated treatise on the gymnastics of the ancients, which 
passed through five editions and made his reputation along with the 
first formal treatise on skin diseases (1572), a treatise on gynecology 
(1582) a bilingual (Greek and Latin) edition of Hippocrates (1578) 
and many learned commentaries on Hippocrates and on difficult 
passages in the ancient writers (1571). His medical treatises were 
spoiled by the fact that he allowed his pupils to prepare them for the 
press. In consequence, the style is diffuse and verbose. 


The pediatric treatise, described by Hennig as ‘‘an inconsiderable book which 
long passed as authoritative,’ was reprinted twice, the second edition (1584) 
containing Mercuriali’s translation of Alexander Trallianus on worms. As with 
Roelants and Austrius, the text of Mercuriali is that of a medieval “aggregator.” 
The work is divided into three books, the third being devoted entirely to intestinal 
worms. The arrangement of chapters is irregular; the longest are those on measles 
and smallpox, emaciation (de macie), epilepsy, and stammering. Among the new 
titles included are scrotal hernia (ramezx), intertrigo, pernio, putrid fever (febris 
synochus), disordered speech, mutism, disorders of sensation (de vitiis sensus 
communis), dyspnea and scrofula. On the whole, as Hennig intimates, a much- 


overrated book. 

Perhaps the earliest pediatric treatise in the vernacular is “ The 
Boke of Children” of Thomas Phayre (or Faier) (1510 2-60), a charming 
black-letter appended to ““‘The Regiment of Life”’ (London, 1545), a 
popular version of the Salernitan ‘Regimen sanitatis” by the same 
author. Phayre was a learned lawyer, physician and translator, an 


oe M. D. of 1558, who later Englished the first seven books of the 
neid. 
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He begins his little pediatric tract, with a frank avowal of his disinclination 
to deal with the generation and hygiene of the infant as “pertaining only to the 
office of a midwife,’ yet none the less he goes into infant nutrition through 8 
pages, urging that the mother nurse her own child. He then gives brief descrip- 
tions of 40 diseases, the “remedye”’ being paragraphed in each case. Among 


these are “aposteme of the brayne,”’ “swelling of the head,” ‘watching cut of 
measure” (wakefulness), “terrible dreams,” “the fallyng evill’’ (epilepsy), 
crampe,’’ “styfnesse of lymmes,’’ “‘bloodshoten eyes,” “nesying out of measure” 


(coryza), “Quynsye,” “straytnesse of wynde”’ (dyspnea), “colyke and rumblyng 
in the guttes,”’ “brustynge”’ (scrotal hernia), ‘‘fallyng of the fundament,” ague, 

kybbes”’ (pernio), and ‘“‘swellyng of the coddes,’”’ which may be the orchitis of 
mumps (Hippocrates). The descriptions of diseases have a quaint practical 
flavor; the treatment is mainly herbal, and sometimes suggests the “frightfulness”’ 
of the first London Pharmacopeeia (1618). 


A far more original pediatric treatise than any of those mentioned is 
that appended to the 1612 edition of the Practica der Wundarteney 
(1598) of the Swiss surgeon Felix Wiirtz (1518-1575), which in the 
English translation of 1656, appears as The Children’s Book. This 
“Children’s Book,” the work of a natural-born, self-taught surgeon, is 
delightfully fresh and vigorous, does not lean upon the old authors, 
actually tells us something new, and is, even today, a living demon- 
stration of the fact, that the surgeon of Renaissance, dealing daily with 
the data of actual experience, was capable of better and more practical 
bedside thinking than the clinical scholiast of the period. ‘‘I presume 
not to write of things which I never had an experience of,’ says Wiirtz 
—‘‘those I leave unto wiser men.” This little book is also the first 
treatise on infantile surgery. 


After some sensible directions as to the choice of a wet-nurse, Wiirtz vigorously 
scores the practice of tight swaddling; gives timely cautions as to the posture of the 
child in the cradle, the need for gentle rocking; attention to the cause of crying; 
eramp from lying in wet or cold places, bathing and prompt wiping, especially of 
the head. Scrubbing the interior of the mouth is particularly bad in thrush, and 
blisters of the cheeks, tongue or throat. The Swiss methods of spoon-feeding, to 
prevent burning with hot pap are described, with the danger of injuring the child’s . 
mouth by the spoon, and the drinking bottle is to be watched as a source of putre- 
faction. Itching, burning blisters, ‘fellow feeders” (comedones), smarting pains, 
running eyes, sore eyes are paragraphed. Wiirtz gives his own personal experience 
as to the harmful effects upon the eyes of bright light and shining things generally. 
Conrad Gesner himself prescribed venesection in his case. “Winding children 
into clouts” is again denounced, and a long orthopedic section “of crooked and 
lame children”’ follows: ‘‘a fit garment for children to wear in their cradles,” the 
danger of rough dandling, carrying and dancing on the knee, fractures, dislocations, 
convulsions and blindness from these causes, the dangers of too early standing and 
walking by'means of stocks and running stools, and the necessity of protecting the 
child’s face from flies, make up the rest of this straightforward exhortation. The 
surgeon’s quaint piety, his big humanity, and his vigorous vernacular suggests 
the sermons of Bishop Latimer (1562) and Abraham 4 Sancta Clara. As the first 
contribution to infantile orthopedics, this little work is easily the most original 
pediatric treatise of the sixteenth century. ; ; : 

Other pediatric treatises were published by Michel Angelo Blondi (Venice, 
1537), Petrus Jacobus Toletus (Leyden, 1538), Paul Cornelius (Basel, 1540), 
Hieronymous Montanus (Lyons, 1550), Ludovico Lobera de Avila (Pincia, 1551), 
Marco Mironi (Turin, 1553), Leonelli (Venice, 1557), Johan Kueffner (Venice, 
1557), B. Russeus (Louvain, 1559), L. Faventinus de Victoriis (Leyden, 1574), 
Omnibonus Ferrarius (Brescia, 1577), and Jacob Tronconi (Florence, 1594). A 
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French medical poem on breast feeding (Manieére de nourrir les enfans a la mamelle) 
was published by Scaevola Gaucher de St. Marthe in 1598, and translated into 
English as “Paedatrophia” by H. W. Tytler (London, 1797). Tracts and dis- 
sertations on monsters by Sorbinus (1570), Limmer (1594), Euonymus (1595) and 
Winrich (1595); a poem on infantile atrophy by Julius Alexandrini (Ziirich, 1559), 
a dissertation (De tabe infantum) by Reusner (Basel, 1582); a colloquy on dentition 
by F. M. de Castrillo (Valladolid, 1557); dissertations on worms by H. Brille 
(1540), H. Gabucinus (1549), Savanarola (1560), Nymann (1594), Hoffmann 
(1595), and a dissertation on rachitic infantile atrophy by Teichmeyer (Jena, 
(1515) are listed in Meissner’s bibliography of pediatrics. 

The epidemics of smallpox and measles in Germany (1493), Sweden (1578), 
and elsewhere occasioned a large number of tracts on smallpox and measles which 
were a sort of prelude to the vast smallpox literature of the seventeenth and 
eighteenth centuries. Syphilis, first mentioned in the Edict against Blasphemers - 
of Maximilian I (1495) and named in the poem of Frascastorius (1530), was the 
subject of a large number of treatises by Konrad Schelling (1496), Joseph Griinpeck 
(1496), Leonicenus (1497), Joh. Widmann (1497), Montagnana (1498), Torella 
(1500), Lacumarcino (1524 vel subseqg.), Massa (1532), Fernelius (1538), Fallopius 
(1564) and Luisinus (1566). Among the original descriptions of new diseases were 
those of typhus fever by Fracastorius (1546), varicella by Ingrassias (1553) 
tabardillo or Mexican typhus by Francesco Bravo (1570), and chlorosis (morbus 
virgineus by Johann Lange (1554). Whooping cough (quinta) was described for 
the first time in 1578 by Guillaume de Baillou or Ballonius (1538-1616), a dean of 
the Paris faculty, whose posthumous writings include treatises on convulsions 
(1640), rheumatism and dorsal pleuritis (1642), diseases of virgins and matrons 
(1643), and a disputation of 1595, in which it is maintained, in consonance with the 
old Hippocratic teaching, that those who acquire a gibbous spine, from cough or 
asthma, before puberty, will soon die. Baillou’s account of whooping cough was 
followed by the ‘‘Synopsis nomi morbi” of Beckel (Helmstadt, 1580), in which the 
ravages of the disease (catarrhus febrilis) through the length and breadth of 
Europe are described. 


The facies of adenoid vegetations is reproduced for the first 
time, sans le savoir, in Lucas van Leyden’s portrait of Ferdinand I of 
Spain (1524), and the many paintings of the prognathous Hapsburgs 


and Medici would now be regarded by dentists as figurations 
of malocclusion. 


In the late fifteenth and sixteenth centuries, all modes of artificial 
nutrition of infants were in vogue. In default of the mother’s breast 
or the wet-nurse, the child was fed on cow’s milk or goat’s milk by 
means of sucking horns, sucking cans with artificial nipples, the spoon, 


or by sugar lumps and bread rubbed into a piece of linen, shaped into an 
artificial nipple. 


The sucking horn (cornette) is mentioned, in Robert le Diable, a French metrical 
romance of the 13th century, in Die gute Frau, a German poem of the same period, 
and in the Autobiography of Thomas and Felix Platter (16th century), in which 
Thomas describes himself as weaned by means of a horn, his mother not being able 
to nurse him on account of inflammation of the breast. The sucking can men- 
tioned by Mettlinger as tittlin (1473) and called memlin by Albertus Magnus, 
was provided with a nipple or a spout, and of varied shape, sometimes simulating 
the contour of the breast, sometimes as crude in form as the pottery of primitive 
man, sometimes resembling a barrel, an hour-glass, or a bell. Spoonfeeding and 
sucking cans are shown in three 16th century pictures in the Cologne museum 
The Three Kings (H. Bles), The Adoration of the Shepherds (M. van Heemskirck), 
and a triptych of the Virgin by an unknown Frankfort painter. The artificial 
teat (Zulp or Zepflin) mentioned in Mettlinger (1473) and in Réslin’s Rosegarten 
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(1518) is figured in Albrecht Diirer’s “Madonna with the Greenfinch”’ of 1506 
(Kaiser-Friedrich’s Museum, Berlin), and in a modern Domestic Scene by J. G. 
Hantsch (Leipzig Museum). Breast-feeding, spoon-feeding, and can-feeding are 
all shown on a woodwork altar from St. Gertrude’s Church at Liibeck (late 15th 
century, now in the Liibeck Museum—Briining). * 

In the Renaissance period, much attention was paid by the writers of the time— 
Erasmus, Rabelais, Ascham—to the education and training of children. Rabelais- 
in particular, ridiculed the time-honored custom of stuffing a lad with dull book, 


Fic. 5.—St. Gertrude’s altar (15th century, showing breast-feeding, spoon-feed- 
ing and bottle-feeding (Liibeck Museum). (From H. Briining: Geschichte der 
Methodik der Kiinstlichen Saiuglingsernahrung, Stuttgart, 1908, p. 77.) 


earning, and advocated education in the old Greek and the modern sense, as a 
deliberate drawing out of the latent faculties by the aid of open-air exercise, 
equitation, swimming, archery, dancing, ete. In England, among the wealthy 
and the well-to-do, this cult took the peculiar line of sending the children away 
early to live in the homes of great nobles as pages and henchmen, in order to learn 
the rules of etiquette, music, the theory of precedence, how to carve and other 
essentials of the training of gentlemen and gentlewomen. These retainers were 
sometimes austerely handled by the great, and among children sent to school or 
indentured to apprenticeship in the trades and crafts, punishments were len 
and drastic. Longchamps, Bishop of Ely, is said to have pricked the sons y 
nobles who acted as his servants, with a goad, : mindful of his wie eee 
pious memory, who, being of servile condition in the district of Lape Re. nes or 
his occupation, to guide the plough and whip up the oxen. Relics - : is ry ere 
preoccupation with etiquette and good form are to be found in such trea pee 
John Russell’s Book of Nurture, Wynkyn de Worde’s Book of pee att H 
The Book of Curtasye (Sloane Ms., 1460), The Babees Boke, nue me eek e, 
The Lytyll Children’s Lytel Boke, Stans Puer ad Mensam, pee , c ou 
‘a i uvard and Pingat, “Hygiene infantile e moderne. 
lone of = Briining, “Geschichte der Methodik der kninstlichen 


Sduglingsernéhrung.” Stuttgart (1908), passim. 
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Boy (1500), ete., all which have been preserved in F. J. Furnivall’s Early English 
Meals and Manners (Early English Text Society, No. 32, London, 1868). 


THE SEVENTEENTH CENTURY 


The seventeenth century was an age of great poets (Shakespeare, 
Milton), great dramatists (Calderon, Moliére, the Elizabethans) great 
philosophers (Spinoza, Bacon, Locke, Descartes), great painters 
(Velasquez, Rembrandt), great musicians (Bach, Purcell) and great 
mathematicians (Newton, Halley, Leibnitz). In this age, the English 
physician William Gilbert wrote his epoch making treatise on magnet- 
ism (1600), Harvey demonstrated the circulation of the blood (1616— 
28), the anatomical discoveries following Vesalius and Harvey were all 
of physiological import, microscopy was founded by Kircher, Hooke, 
Leeuwenhoek, and Swammerdam, histology, by Malphighi, physio- 
logical optics by Kepler, Descartes, Mariotte, and Scheiner, the physi- 
ology of digestion by Peyer, Brunner, and de Graaf, the physiology 
of respiration by Boyle, Hooke, Lower, and Mayow, vital statistics by 
Graunt, Petty; and Halley. Transfusion, anatomic injection, the 
obstetric forceps, timing the pulse, and clinical thermometry were 
introduced, and internal medicine was represented by the great name 
of Thomas Sydenham. 

In the art of the seventeenth century, children play a prominent 
part, whether in the wonderful ‘Las Menifias” of Velasquez, Van 
Dyck’s “Baby Stuart,” Rubens’ many pictures of the charming 
Helena Fourment and her children, Rembrandt’s ‘‘ Venus and Amor’”’ 
(Hendrickje Stoffels) and his comical ‘‘Ganymede,” or Johan van 
Neck’s painting of a dissection conducted by Dr. Frederik Ruysch 
(1683), in which a child plays with an infantile skeleton in the corner. 

Infantile pathology is represented in the cretinoid or hydro- 
cephalic dwarfs of Velasquez, Ribera’s portrayal of a paralytic boy, 
Gabriel Metsu’s Feverish Child, and the picture of a girl afflicted with 
dystrophia adiposo-genitalis by Juan Carefio de Miranda. Rubens 
delighted in the representation of healthy, round-limbed, laughing 
babies. His ‘‘ Garland of, Fruits” symbolizes, in a manner, the eugenic 
ideal of the late Renaissance, for the artists of the period glorified the 
state of maternity in the full-bodied woman, fit to be ‘the justified 
mother of men.” 

Yet the seventeenth century was an age otherwise notable for 
cruelty to children. 

In an arrét of the Parliament of Paris (September 3, 1667); it was 
decreed, in the interests of the special hospitals, that the grands seig- 
neurs or high officers of justice should be held financially responsible 
for the care of all infants of unknown parentage found on their lands 
and taken to the hospitals; but the tight-fisted nobles did not live up to 
their obligations, and the poor foundlings were shifted from place to 
place by those who did not want them. In Paris, as in ancient Rome, 
unfortunate mothers threw their offspring into the sewers, abandoned 
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them at the doors of hospitals, or left them in the streets to die. The 
laws were severe—hanging for infanticide, whipping and disgrace 
for abandonment, declaration of paternity in seduction—and rigidly 
enforced, but the full penalty was paid by the infants themselves. 


Re 


Fig. 6.—Rubens: The Garland of Fruit (Diisseldorf Gallery). (Eugenic ideal 
of the late Renaissance Period). 


Some children in the crowded charitable retreats were exposed anew or 
drugged to death with opium in order to keep them: quiet; others were 
used as beggars, to make money, and some were artificially malformed 
to this end.* The extraordinary number of beggars, professional 
cripples, blind and deformed persons held up to ridicule in the etchings 
of Callot and the paintings of the elder Brueghel suggests that the 
thematic material of Victor Hugo’s “L’homme qui rit” is not entirely 
exaggerated. In this novel, which deals with the surgical malforma- 
tion of a child’s face for political reasons, there is a chapter devoted to 
the professional buyers and sellers of friendless children (los comprachi- 
cos), a strange affiliation of seventeenth century criminals who, as in 
the later Roman Empire, purposely lamed and maimed unfortunate 
children by a reversed orthopedic procedure (chirurgie aw rebours). 
According to the romancer, the master of this art of facial disfigure- 
ment was a certain Dr. Conquest, who wrote a (perhaps mythical) 
Latin treatise on the subject. A Latin citation of the procedure is 
given from an alleged chapter ‘‘De Denasatis,” as thus: ‘“ Bucca fissa 
usque ad aures, genzivis denudatis, nasoque murdridato, masca eris, et 
ridebis semper’’t{—the ideal of the ‘‘false-face” mask from time 
immemorial.§ In some parts of Spain (Oyarzun, Urbistondo, Lesa, 
* Payne, op. cit., pp. 302-305. 
+ Victor Hugo, “L’homme qui rit.” Paris (1869), Chap. II. 


t Ibid., Bk. III, Chap. VI. ; ie 
§ The artificial production of monsters is the theme of “The Artificial Change- 
ling” of John Bulwer (1650- ), and is mentioned by Fortunatus Licetus 


(1577-1657). See J. S. Billings, ‘History of Surgery.’”” New York (1895), p. 46. 
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Astigarraga), says Hugo, nineteenth century mothers still intimidated 
their children with the threat that they would call the comprachicos 
(“Aguardate, nifio, que voy é llamar al comprachicos’’). Victor Hugo 
was described by Sainte Beuve as ‘“‘the Frank energetic and subtle, 
who has mastered to perfection the technical and rhetorical resources 
of the Latin literature of the decadence.” Hugo’s citations from 


Fig. 7.—St. Vincent de Paul. (1576-1660). From a statue in the Panthéon, 
Paris, by Alexandre Falguiére.) 
Conquest may have been mere literary swpercherie, but his narrative is 
undoubtedly true to the spirit, if not to the letter of the times, as 
attested by the endeavors of St. Vincent de Paul (1576-1660). This 
devout man, who had once been captured by pirates off Marseilles and 
sold into slavery himself, was the noblest champion of the rights of 
friendless children between Datheus and such men as Lord Ashley, 
Oastler and Théophile Roussel. In the time of St. Vincent de Paul, an 
unknown woman of Paris began to collect in her home exposed infants 
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brought in by gendarmes at night. This eventually proved too large a 
charitable contract for one person. Many infants died from lack of 
food, or were exposed ‘again or turned over to charitable persons or 
institutions. The two servants in the establishment drugged the 
unfortunates to keep them quiet, and eventually took to selling them 
to pedlars and mountebanks (bdteleurs), who in turn used them for 
money making purposes. Returning from one of his missions, St. 
Vincent de Paul actually caught one of the mountebanks or comprachi- 
cos, of whom. Hugo speaks, in the act of deforming the limbs of a child 
under the walls of Paris. “Barbarian,” he cried, “how you deceive 
me—from the distance I took you for a man!’ And snatching the 
child, he rushed across the city to denounce the infamy. He interested 
a number of great ladies in his cause, so that a small asylum was 
established, which was frequently changed for larger accommodations; 
and slumming parties were organized to gather in exposed waifs. 
Eventually Louis XIII donated 4000 francs per annum to the charity, 
and Anne of Austria 8000 frances after his death (1641). In June, 1670, 
the Foundling’s Hospital (Hospice des enfans.trouvés) of Paris was 
chartered and endowed with 12,000 frances by Louis XIV, although its 
actual annual expenses at that time were 40,000 francs. This led to 
the systematic conveyance of foundlings to Paris, for the narrow 
provincial towns would have none of them. Of 2000 infants 
transported from the provinces in this way, about 75 per cent. died in 
three months. A new law was accordingly passed imposing a fine of 
1000 livres upon any wagoner who brought in an infant for purposes of 
exposure; and it was decreed that abandoned infants must be taken to 
the nearest hospital and, if necessary, cared for out of the public funds. 
To this day, Vincent de Paul is the patron saint of orphans and orphan 
asylums. * 

In seventeenth century England, the rate of infantile mortality 
was also high. 


In the time of the Stuarts, London became overcrowded, in spite of the deple- 
tion of the population by plague, sweating sickness, and smallpox. The rulers, 
from Elizabeth to Cromwell, opposed the building of new houses, and the surplus 
population swarmed to the waterside. “ Four-fifths of the population of London,” 
says Forsyth, “were crowded into the alleys and courts of out-parishes such as 
Wapping, St. Olave’s, Lambeth, Whitechapel, and Spitalfields.” ip, bey conse- 
quence, sometimes half the children born in Restoration England died of disease. 
Two-fifths of the total deaths were those of infants under two years. In the hot 
summers of 1669-71, diarrhea killed 2000 babies in eight or ten weeks. Private 
letters of the period show that the well-to-do were little better off. Traill, im 
“Social England” speaks of the callous feeling of English parents for children in 
the Tudor period. Lady Jane Grey told Asham that her child-life was such that 
she thought herself “in hell.’t In Stuart England, boy and girl marriages were 
encouraged.§ The main idea was to get rid of children, by apprenticeship among 
the poor, by early marriages or a round of visits among the rich. Suffocation of 


* Payne, op. cit., pp. 306-311. 

+ D. Forsyth, Proc. Roy. Soc. Med., London, iv (1910-11), pt. 1, Sect. Dis. 
Child., p. 117. 

t Traill, Social England. 

§ Ibid. 
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the child by overlying was sometimes resorted to by the unscrupulous. In Con- 
greve’s “Love for Love” (act I, se. 1), produced in 1695, a spendthrift libertine 
says of the mother of his illegitimate offspring: “She knows my condition well 
enough, and might have overlaid the child a fortnight ago, if she had had any 
forecast in her.” At birth, the newborn infant was salted (according to Galenic 
custom), tightly swaddled, dandled for a few minutes each day, kept upright by 
standing it up to its armpits in a go-cart and taught to walk by means of leading 
strings. The manual methods of dry-nursing were little known in Stuart England. 
Maternal and mercenary wet-nursing were the rule. In the English Bills of 
Mortality, children under two years (the period of teething) are grouped apart. 
John Pechey (1697) lowers the statutory period of weaning to 1}¢—2 years after 
birth, Z:e., not before the child had acquired allits teeth. For astrological reasons, 
a child could not be weaned at the wane of the moon, but preferably when the 
spring or autumn moon were full. Pap and chicken broth were the earliest 
artificial foods. To get the child accustomed to these, the mother’s nipples were 
smeared with wormwood or aloes (Pechey). When meat diet was begun, Pechey 
‘recommended that it be ‘‘first chewed by the nurse.” * 

On the continent, dry nursing and hand feeding were well-known. The child 
was fed from pitchers, bowls, and glasses of varied. shape, such as that seen in 
Adriaen Brouwer’s “ Baby drinking from a Glass”’ (Leipzig Museum) or the “ Fam- 
ily of Fauns”’ of Jordaens (Nuremberg). 


The Seventeenth Century was an age of individualism in thought 
and research and was more remarkable for monographs on special 
subjects than for exhaustive treatises. It was the age of the Arbevt 
rather than of the text-book. 


Among the twenty pediatric treatises or tracts listed by Meissner are those of 
Mario Zucarri (Naples, 1604), Joh. Ceckius (Wittenburg, 1604), Jacques Guille- 
meau (Paris, 1609),+ Johan Hucher (Cologne, 1610), F. P. Casealis (Madrid, 1611), 
Amthor (Nasocomium infantile et puerile, Schleussing, 1638), James Primrose 
(Rotterdam, 1658), Walter Harris (London, 1689), Philip Grilling (Nordhausen, 
1660), Ettmueller (Leipzig, 1675), Christian Lamperti (Merseburg, 1689), Jero- 
nimo Soriano (Saragossa, 1690), John Pechey (London, 1697) and J. J. Loew 
(Nuremberg, 1699). There is much of pediatric interest in the Maaseh Tuviah 
of Tobias Katz (1652-1729), which has been described by Levinson.t Of these, 
however, only one need detain us, the De morbis acutis infantum of Walter Harris, 
which became so well-esteemed, that even in the middle of the eighteenth cen- 
ara it was described as ‘‘the best that was ever written on the acute diseases 
of infants.” ; 


Walter Harris (1647-1732), of Gloucester, England, was elected 
fellow of New College Oxford in 1666 and took his baccalaureate 
degree in 1670. Joining the Church of Rome, he resigned his fellow- 
ship and went to study medicine in France, taking his M.D. at 
Bourges in 1675. Commencing practice in London in 1676, the edict 
of 1678 compelled him to recant his Catholic professions, after which 
he was received M.D. at Cambridge. He became an F.R.C.P. 
in 1682, was twice Harveian orator (1699, 1707), treasurer (17 14-17) 
and delivered the Lumleian lectures at the College of Physicians during 


* Traill, op. cit., pp. 116-120. 
} For a detailed account of the pediatric treatises of Ceck (1603) Ferrarius 
(1604), Jacques Guillemeau (1909), James Primrose (1659), John Pechey (1696) 


and others, the reader is referred to G. F. Still’s essay in the Osler Anni 
Volumes, New York (1919). 1, 177-191. Say nniversary 


fA. Levinson, Bull. Soc. Med. Hist. Chicago, II (1917-19), pp. 110-118. 
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1714-17. He became physician-in-ordinary to Charles II (1683) 
and, after the Revolution, physician to William III, attending Queen 
Mary in her last illness (1694). He accompanied King William 
to Holland, and, while there, published, at Amsterdam, his treatise 
on the Acute Diseases of Infancy (1689), which was reprinted in 1705, 
1720, 1736, 1741, 1745, translated into German (1691), French (1738) 
and twice into English (1742), holding the field until it was supplanted 
by the English treatise of Michael Underwood (1784). It is not 
strange that the best pediatric treatise of the seventeenth century was 
inspired and patronized by its greatest clinician. Harris was a friend 
and protegé of Sydenham, who once advised him to read Don Quixote 
in lieu of medical studies. He was far behind Sydenham in capacity 
for clinical observation, but, he quotes, with pardonable vanity, an 
utterance of his master: “I think your little book may be of more 
service to the public than all my own writings.’’ The pathology of 
Sydenham was the old Hippocratic pathology of coction of the humors 
and discharge of the materies morbi; but Harris affected the acid dia- 
thesis of Franciscus Sylvius, viz., that ‘all the symptoms of gastro- 
intestinal disorders owe their origin to acid products in the body” 
(Abt). 


Following the Hippocratic reasoning that diseases, different in different locali- 
ties, are of but one species with one universal cause, Harris reasons that children’s 
diseases are due to the moisture of their constitution (‘‘puerile humidity’’), which 
“is not apt to degenerate into any putrefaction but the acid.”’ Acid eructations, 
acid stools abound in infancy, and milk itself turns sour and coagulates when 
heated. ‘All the symptoms of infants owe their origin to an acid, as their legiti- 
mate parent.” The concept of infancy is extended beyond Galen’s three months 
to the fourth year, childhood extending to fourteen. Infants fall sick spon- 
taneously and are as easily cured. The directions for diagnosis, as derived from 
the nurse’s observations, are admirably paragraphed. Our author dilates on the 
“procatartic cause,” 7.e., hereditary taints in the parents, the depraved appetites 
of pregnancy, coition during pregnancy, and maternal impressions. Other 
immediate causes of infantile diseases are catching cold, thickness of breast milk, 
the dangers of mercenary wet-nurses, and giving infants meat and wine. Wine is, 
however, recommended for English girls at the appearance of the menses, even 
before the Galenic fourteenth year. Disordered digestion, rashes, gripes, flatu- 
lence, constipation, vomiting, green stools, fever, convulsions, thrush at teething, 
are all attributed to acidity, ‘the tragedy in the lower belly.” 

Fever in children is “‘an increase of the natural heat.” Lean and scrawny 
infants are most liable to nervous fevers; fat infants abounding with phlegm, with 
soft heads, are liable to rickets, whooping cough, thrush and King’s Evil; children 
born of sickly hysterical mothers, to depraved appetites. Harris sharply scores 
the poor therapeutic resources of his contemporaries, who follow the beaten track 
of the ancients. Even his pattern, Sylvius, is denounced as “the opiate doctor.” 
He ridicules chemical therapeutics as imposing ‘‘the impenetrable hardness of 
metals” upon “the waxen softness of the infantile constitution.” “Mindful of 
acidity,” he upholds Sydenham’s practice of purging in fevers, but opposes the use 
of sudorifics (diaphoretics). His recommendation of “testaceous powders 
(oyster shells, crab’s eyes and claws, pearls, coral, prepared chalk, Goa stone, etc.) 
as anodynes and “‘absorbents of acid” held its own in English practice for over a 
century. A series of shell-powders and pearl juleps is listed. Rhubarb is better 
than aloes for infants. Cream of tartar must be unadulterated. Bloodletting 
is only of use in convulsive coughs or fevers with cough. The exhibition of opiates 
is only permitted in obstinate vomiting. The Turkish practice of giving lemon 
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juice in plague and malignant fevers is praised. Teething, thrush, vomiting, 
diarrhea, convulsions, smallpox, are all to be treated by “‘testaceous medicines. 
The work closes with a series of clinical cases, illustrating this theory. Throughout 
the entire book, semeiology is presented in a free-hand manner, evidently intended 
for popular consumption. Walter Harris resembles Galen in his vanity about 
successful cures. His treatise on the venereal disease anticipates some of the 
historical views of Sudhoff. 


The treatise of Harris is really a racy argument in favor of a certain 
theory of disease and a certain line of treatment. A far greater name 
in the history of pediatrics is that of Francis Glisson (1597-1677), or 
Rampisham (Dorsetshire), who described the hepatic capsule investing 
the portal vein (1654), employed suspension in spinal deformities 
(1660), introduced the concept of “irritability” as a property of all 
living tissues (1677) and gave the original and classical account of 
rickets and its association with infantile scurvy in his “‘De rachitide”’ 
(1650).* Rickets, first mentioned in the London Bills of Mortality in 
1634, was first described in Daniel Whistler’s ‘‘De morbo puerilt 
Anglorum’’ (1645),{ and further in a tract of John Mayow (1669), and 
in some 12 inaugural dissertations listed by Meissner (pp. 134-135). 

In the pediatric handbook (1609) of Jacques Guillemeau (1550—_ 
1612), which contains a strong brief for material breast-feeding, the 
dependence of kyphosis and bending of the ribs upon faulty nutrition 
is already recognized even though the condition is not labelled 
(G. J. Still). The de morbis infantum (1674) of Franciscus Sylvius 
(1614-72), the fourth book of his Praxis Medica, and translated into 
English by Richard Gower (1682), illustrates the ideas of Sylvius about 
gastro-intestinal acidity as the cause of infantile disease. The only 
new feature is “‘green stone with gripes,’ the green scour of Cheyne. 


Of original clinical contributions bearing upon pediatrics, Tobias Cober noted 
the relation between typhus fever and pediculosis (1606), André de Laurens 
maintained the contagiousness of scrofula (1609), Felix Platter first described 
“thymus death” (1614), Francois Citois described “Poitou (lead) colic” (1616), 
Daniel Sennert (1626) and Sydenham (1675) described scarlatina, the latter giving 
the disease its name, Hé6fer described cretinism (1657), Jacob Bontius beriberi 
(1642) and Porchon described Rétheln as “the purples” (1698). 

The great Sydenham left classical accounts of many diseases, notably broncho- 
pneumonia, pleuropneumonia, dysentery (1672), measles (1675), hysteria (1682) 
and chorea minor (1686), and paid particular attention to children’s diseases in his 
writings. 

C. V. Schneider (1660) and Richard Lower (1672) showed that the nasal 
secretions (pituita) come not from the brain (as hitherto supposed) but from the 
Schneiderian membranes. 

Swammerdam demonstrated that the foetal lungs will float after respiration 
(1667), which medico-legal test was successfully applied in a court-room case of 
infanticide by Johan Schreyer (1681). 


* See Glisson, ‘De rachitide.” London (1650), pp. 285-286, or the English 
translation, London (1668), pp. 249-250. 

TN orman Moore (in St. Barth. Hosp. Rep., London, xx (1884), pp. 71-82) shows 
that Whistler's essay, while antedating Glisson’s by five years, is really based on 
second-hand information obtained from Glisson himself, and is otherwise valueless. 


Gee has shown that the Flagellum Anglize of Garancier (London, 1647) contains 
nothing on rickets, 
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The seventeenth century literature of special monographs on pediatrics is 
considerable. Meissner lists 18 titles on infant nutrition, 69 on monsters, 2 on 
infantile jaundice, 6 on aphthe, 25 on infantile atrophy, 5 on dentition ‘29 on 
intestinal worms, 8 on hydrocephalus, 7 on scrofula, Rolfinck (1637) dnd, Wedel 
(1684) on gibbous spine, 3 on club-foot, and 114 on smallpox. 

During the seventeenth century, the plague, leprosy, typhus and typhoid fever 
smallpox, influenza, and dysentery were more or less pandemic at intervals, and 
swept away thousands. Influenza was first reported in America in 1647 (Jacobi). 
Diphtheria was confined to Spain and Italy. The first American case occurred at 
Roxbury, Massachusetts, in 1659 (Jacobi). Yellow fever appeared in New York 
in 1668, but did not reach Europe until the 18th century. Smallpox broke out in 
Pennsylvania in 1661 and in Charleston, S. C. (1699). Infantile conjunctivitis 
was first reported in America in 1658 (Jacobi). 
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In the eighteenth century, the age of theorists and systematists, 
clinical pathology was founded by Morgagni and Matthew Baillie, 
experimental and pathological surgery by John Hunter, preventive 
inoculation by Jenner, improved clinical and instrumental diagnosis 
by Auenbrugger, Martine, and Currie, public hygiene by Frank, 
electrophysiology and electrotherapy by Galvani and Volta; embryol- 
ogy by Wolff, medical bibliography by Haller. The age was remark- 
able for clinicians of essentially practical type, and pediatrics, as a part 
of internal medicine, was consequently forward. The most prominent 
pediatrists of the eighteenth century were Friedrich Hoffmann, Rosen 
von Rosenstein, Armstrong, Raulin, Underwood, Mellin, and Struve. 
The pediatric literature of this period is marked by original clinical 
observations from actual case histories, with an occasional eye to 
morbid anatomy. 

Friedrich Hoffmann (1660-1742), of Halle, a medical graduate of Jena (1682), 
and one of the most highly esteemed physicians and medical theorists of his time, 
published a Prazis clinica morborum infantum in 1715, which was translated into 
German (1741) and followed by another treatise on the principal diseases of infants 
- (1747). Hoffmann also left original contributions on infantile atrophy (1702), 
mesenteric fever (1728), chlorosis (1730), whooping cough (1732), intestinal 
worms (1734), diseases of the foetus in utero (1738), and was one of the first. to 
describe rubella (1740). 

Nils Rosen von Rosenstein (1706-73), born near Gothenburg, 
Sweden, on February 1, 1706, being intended for the ministry, studied 
medicine in secret, against the will of his father, and after working and 
teaching for eight years, followed by three years of extensive travel, he 
received his medical degree at Hardwick (1731). Attaching himself 
to the University of Upsala as a teacher, he succeeded Rudbeck as 
professor of anatomy and natural history in 1740, later filling also the 
chairs of physiology and practice, with clinical teaching at the bedside. 
In 1756, he retired to private practice in Stockholm, and died July 16, 
1773. He was physician to the king (1735) and archiater (1745), 
became a member of the Swedish Academy of Sciences (1739) and was 
ennobled in 1762. In his travels, Rosenstein had met all the medical 
celebrities of his time, and his ability, rare experience, and amiable 
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disposition: made him widely known as one of the best physicians of 
his period. 

He published a compendium of anatomy in Swedish (1738), a treatise on domes- 
tic medicine, after the fashion of Tissot’s Avis au Peuple, and some 50 Latin 
dissertations on the most varied subjects, such as the recording of clinical cases 
(1728), purification of water (1736), errors in prescribing (1737); equitation (1738), 
incipient phthisis (1740), gastritis (1740), the possibilities of plastic surgery (1742, 
smallpox (1751-4) and infantile epilepsy (1754), but his greatest work is his 
treatise on children’s diseases (1764),* which was preceded by a dissertation on 
infantile diseases (1754). The pediatric treatise was reissued in 1761 and 1771 and 
was translated into German (1766), Dutch (1768), English (1780) and French 
(1780). The German translation passed through six editions. Rosenstein de- 
scribed the first epidemic of scarlatina in Sweden (1742-3), also the symptoms of 
hyoscyamus poisoning in a boy (1744), in which he was the first, after Galen, to 
call attention to mydriatics. In the edition of 1771, Rosenstein’s treatise consists 
of 28 chapters, the first on wet-nursing, the rest on costiveness, prolapsus ani and 
other infantile disorders. Pneumatocele, inoculation of smallpox, inoculation of 
measles, scarlet fever, whooping cough (chin cough); ague, croup, venereal disease, 
and vermin are the new subjects featured. It is maintained that a child should be 
suckled on its mother’s own milk, as alien milk may make it sick. Lactation is 
held to relieve mothers of milk fever and leucorrhea. If a wet-nurse is employed, 
she must be free from diathetic or venereal disease. The sucking-bottle (biberon), 
if used at all, must be kept clean. The nurse should be purged with suppositories 
of honey and olive oil, as active purges will injure the child through the milk. 
Violent emotions in the nurse will produce convulsions in the child. The breast 
should not necessarily be given when the child cries, but only when its eyes sparkle 
with anticipation. A modern note is the warning against the neglect of diarrheas 
falsely attributed to teething, and the insight into the harmful effects of over- 
feeding (Heubner). Swaddling is condemned. Nursing by the fire-side is 
dangerous (burns and CO poisoning). Rosenstein never saw a tongue-tied 
child. Snipping of the frenum is to him a nurse’s trick. Violent rocking causes 
indigestion and vomiting. The meconium is to be purged out by an artificial nipple 
steeped in manna and sugar. Gripes must be speedily treated, lest they cause 
convulsions. In teething, the brains of a hare or other animal remedies are 
ridiculed, and a wolf’s tooth is no better to bite upon than crystal or other hard 
substance. The different diseases and their treatment are given in great detail. 
No less than fourteen different species of diarrhea are described. The Chinese and 
Circassian methods of inoculating against smallpox are given, also the folk- 
custom of “buying the smallpox.” Rosenstein used a preservative pill of calomel, 
camphor, aloes, and guaiac. The general technique of inoculation occupies a 
chapter of 35 pages. Francis Home’s experiments on inoculating against measles 
are praised. The true cause of smallpox and whooping cough is “some heter- 
ogenous matter or seed, which has a multiplicative power.”” Immunity after an 
attack is noted. Water-drinking (especially the mineral water at Satra) and 
eating fish or raw ham may cause helminthiasis. The history of infantile rickets 
and of infantile cramp in Sweden is detailed, with many case histories. The work 
abounds in statistical observations and reasoning drawn from the Swedish bills 
of mortality. 


William Cadogan (1711-97) of London, a Leyden graduate of 1737, 
who became an army surgeon, made a wide reputation by his ‘‘ Essay 
on the Nursing and Management of Children” (1750), which passed 
through 10 editions, and his Dissertation on Gout (1771). 


The pediatric essay is well written, full of sound sense, did much to substitute 
loose clothing for swaddling and was a strong argument in favor of maternal 


*Rosen von Rosenstein, Underrittelser om barn-sjukdomar och d 
medel. Stockholm, 1764.” ; ch deras bote 
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nursing against the spoiling of the child’s stomach with panada, caudle, sugared 
and spiced paps and bread adulterated with alum. Magnesia alba is preferred 
to the pearl and chalk juleps of Harris. Sensible directions for exercise are given. 


In 1767, George Armstrong, a London pediatrist, published ‘An 


Hssay on the Diseases most fatal to Infancy,’’ which passed through 


three editions (1771, 1777, 1778) to be enlarged by A. P. Buchan in 1808. 
In 1769, Armstrong established the first pediatric hospital in England, 
a Dispensary for Poor Children, which was discontinued in December, 
1781, from lack of financial support. It was the only institution in 
which the children of poor parents were received without letters of 
admission, in cases of desperate illness. During the twelve years of its 
activity, 35,000 children were admitted and treated. Armstrong 
published an account of his Dispensary in 1772, but his philanthropy 
went unrewarded. He died in obscurity. 


His “Essay’’ is a good example of the judicious, common-sense clinical observa- 
tion of the English practitioner of the time. He notes the neglect of pediatrics 
in his period, the common byword being that ‘‘The best doctor for a child is an old 
woman.” Even John Hunter maintained that nothing can be done for children 
when they areill. Armstrong denounces 
the common neglect of children’s diseases, 
both by parents and practitioners, par- 
ticularly the impotent plea that children 
cannot tell of their ailments and doctors 
are incompetent to prescribe for them. 
He describes 20 infantile diseases, omit- 
ting the acute fevers for lack of ripened 
personal experience with them. He 
makes much of “inward fits” (wind- 
colic) and the hectic fever of teething as 
new diseases. Constipation is “dry 
gripes” and diarrhea (cholera infantum) 
“watery gripes.”’ The chapter on 
hydrocephalus internus contains three 
cases, successfully treated, by Matthew 
Dobson, John Hunter, and Armstrong. 
Separate chapters are devoted to oph- 
thalmia, lippitudo (blear-eyes), leucoma 
and tumors after smallpox, and there 
is a chapter on the treatment of incipient 
cataract. The chapter on scrofula em- Fic. 8.—Robert Whytt (1714-66). 
phasizes the value of sea-air and sea- (Courtesy of Dr. John Ruhrah, 
bathing for city children and of a dry Baltimore.) 
inland climate for scrofulous children ; : 
from the cbast. Armstrong’s favorite remedy is “a milk puke of antimonial 
wine.” He upholds the practice of. emesis in infantile complaints, but urges 
that the bowels should be evacuated before emesis. The importance of early 
exercise as a preventive of infantile disease is emphasized. the work winding up 
with some rules on nursing. He first described congenital pyloric stenosis (1777). 


In the same year in which Armstrong’s Essay appeared, Robert 
Whytt (1714-66) of Edinburgh, eminent in the physiology of the brain 


and spinal cord, published his “Observations on the Dropsy in the 
Brain” (1768), which contains the classical account of tuberculous 


meningitis. 
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Some features of this disease had been vaguely noted by the ancients. Thomas 
Willis observed the placques and tubercles (1682); Petit confused acute and chronic 
hydrocephalus (1718); Boissier de Sauvages gave a good description (1763); but 
Whytt’s account individualized the clinical picture, and nothing further was done 
until Senn of Geneva located the lesion in the pia mater, calling the disease men- 
ingitis (1825), W. W. Gerhard established its tuberculous nature (1834) and Rilliet 
and Barthez completed, in 1843, the differential diagnosis (Ruhriah).* ear S 

In the same year, Joseph Raulin (1708-84), a provincial French practitioner 
who came up to Paris about 1750, published a two-volume treatise on the con- 
servation of infancy (1768), which was reissued in three volumes in 1779, and is now 
valued highly for its historic sidelights on the methods of dry-nursing. 


Michael Underwood (1736-1820), of Surrey, England, studied at 
St. George’s Hospital (London) under Cesar Hawkins, saw something 
of the practice of John Freke, and finished his medical education 
in Paris. He practised surgery in Great Marlborough Street, and 
after admission as licentiate of midwifery at the College of Physicians 
(1784), became attached to the British Lying-in Hospital, and attended 
the Princess of Wales at the birth of Princess Charlotte (January 7, 
1796). He was the last “man midwife.’ In 1783-8, he published a 
treatise and some surgical tracts on ulcers of the legs, and, in 1784 his 
“Treatise on the Diseases of Children.’”’ This book took the place of 
Walter Harris’s treatise and passed through several editions, the last 
being much enlarged by John Bell and Marshall Hall (1842). 


The first: edition contains the earliest account of poliomyelitis. The book, 
dedicated to the Queen, is written for the laity as well as the profession. Technical 
terms are avoided. Our author apologizes for his prolixity of style, preferring to 
make his meaning plain even at the expense of concision. He laments the neglect 
of the study of infantile diseases, and that, in the past, “little more had been 
attempted than getting rid of the wild prejudices and anile prescriptions of the 
older writers.” The dangers of high infantile mortality to the body politic are 
already signalized. Underwood combats Armstrong’s idea of giving an emetic to 
evacuate the meconium and his general preference for antimonial wine over the chalk 
juleps and absorbent powders of Walter Harris. The new disorders described are 
those arising from malformations of the heart, “red gum,’’ milk blotches (crusta 
lactacea), ‘skin bound” (sclerema, the taut, waxy cold skin of Andry and Tenon), 
mesenteric fever, marasmus, cardialgia, chicken-pox (Heberden), spasmodie cough, 
seven-days disease (tropical convulsions), shingles, ringworm, cataract, sty, 
deafness, gangrenous erosion of the cheeks, psoas abscess, Pott’s disease, polio- 
myelitis, whitlow, boils, chilblains, burns and scalds, tongue-swallowing, epistaxis, 
umbilical hemorrhage, hydrocele, retained testis, tumefaction of the prepuce, 
vaginal discharges, poisonous bites, hernia cerebri, tumors of the scalp, spina 
bifida, harelip, and nevus. Ranula, siriasis, macies and other diseases of the older 
writers are reviewed, and the chapters on luxations and fractures, varus and valgus 
in children are the first after Felix Wirtz. The book concludes with a chapter on 
nursery hygiene, or the “‘non-naturals” (food, air, sleep, etc.), including directions 
for reviving still-born infants, the necessity of hardening by inuring to cold, and the 
need for definite exercise in infants. The concluding section on the “passions of 
of the mind”’ is an early essay in infant psychology. 

A remarkable medical polyhistorian of the Old Vienna School was Joseph 
Jakob von Plenk (1738-1807), who wrote systematic treatises on obstetrics 
(1769), surgery (1769-83), anatomy (1776), dermatology (1776), ophthalmology 
(1777), dentistry (1778), bromatology (1784), toxicology (1785), botany (1788-98) ’ 


ied Ruhrah, Med. Library &: Hist. Jour., Brooklyn, ii (1904), pp. 153-165, 
port. 
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pharmacy (1799-84) and pediatrics (1807).* His Doctrina contains a good 
classification of infantile diseases, treats of asphyxia neonatorum, chorea, tabes 
dorsalis, gonorrhea, infantile syphilis, pediculosis, malocclusion (dentitio obliqua) 
and many other complaints in remarkably terse paragraphs, with many prescrip- 
tions, concluding with a plate of a deaf and dumb alphabet. Plenk’s books, any 
of them, would be a treasure-trove for medical examiners in easy Latin. He made 
a reputation by treating infantile syphilis with “mercury-gum,” a suspension of 
mercury in gum arabic. : 

_ _ Gerhard van Swieten (1700-1772), leading physician of the Old Vienna School, 
in his Commentaries on Boerhaave’s Aphorisms (1743), contributed notably to the 
rational pediatrics of his time, particularly in regard to the care and hygiene of 
infancy. A miscellaneous author of the same type, but less profound, was 
Christoph Girtanner (1760-1800), of St. Gall, Switzerland, a vain, disputatious and 
somewhat superficial writer, who was one of the opponents of the Brunonian 
theory of disease, and the author of a three-volume historical essay on venereal 
diseases (1783-9). He published (1794) an essay on children’s diseases,+ which 
in the opinion of contemporary pediatricians, is showy and specious. Christoph 
Jakob Mellin (1744-1817), a Jena graduate of 1766, published on account of the epi- 
demic of whooping-cough at Langensalza in 1768-9 (1770), and a pediatric treatise 
Der Kinderarzt (1787). The famous Christoph Wilhelm Hufeland (1762-1836), 
of Berlin, published two tracts, addressed to mothers, on the hygiene and physical 
education of children (1794-9) and a treatise on the hygiene and diseases of the 
fetus in utero (1827). A Handbook of Children’s Diseases, for parents and 
ae was published by Christian August Struve (1767-1807), of Gorlitz, 
in : 

The pioneer of school-hygiene was the celebrated Johann Peter Frank (1745— 
1821), in his ‘Complete System of Medical Polity” (1777-88), the first systematic 
treatise on public hygiene, which contains separate chapters on the hygiene of 
infancy, lactation, wet-nursing, foundling asylums, the overtaxing of childhood 
and the hygiene of education. The chapter on school-hygiene contains practi- 
cally everything brought out later by Virchow and Hermann Cohn. The proper 
lighting, heating and ventilation of the school-room, the proper slanting and 
adjustment of desks and benches in relation to visual requirements, are all features 
of this wonderful book. 

The miscellaneous literature of pediatrics in the eighteenth century is extensive 
and difficult to classify. The reader is referred to the arrangements by subjects 
in Meissner’s sterling bibliography. Nearly every important physician of the 
period wrote something on pediatric subjects. Stahl wrote on the requisites of a 
good wet-nurse (1698), worms (1698), ascites (1702), diseases of children (1705), 
medical gymnastics (1708), smallpox and measles (1709) and cachexia (1710); 
Haller on monsters (1745-53), spinal deformities (1748-9) and congenital hernia 
(1749); Roederer on smallpox (1756), apparent death (1760), infantile atrophy 
1758), tenia (1760) and rickets (1788); Joh. Peter Frank on education (1766), 
rickets (1788) and gastric fever (1799); Wrisberg on fetal respiration (1763), mon- 
sters (1791-9), undescended testicles (1799), apparent death (1780) and inoculation; 
Baumes on convulsions and colic (1781), epidemic jaundice (1788-1806), and 
scrofula (1789-1805). 

In 1774-6, Hugh Downman (1740-1809), a physician of Exeter, England, 
published “Infancy: a Poem,” in three parts, which was reprinted several times 
down to 1809. 

The literature of smallpox, variolation and vaccination is enormous. In the 
period preceding the publication of J enner’s Inquiry (1798), variolation or inocula- 
tion, introduced from the Orient by Timoni (1713) and Pilarini (1715), was taken 
up by Lady Mary Wortley Montagu in England (1721) and by Zabdiel Boylston 


? ‘ ; : raat “A 
* J. J. von Plenk, “Doctrina de cognoscendis et curandis morbis infantorum, 


Vienna (1807). : . 
+C. Girtanner, ““Abhandlung iiber die Krankheiten der Kinder.” Berlin 


1794). 
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in Boston (1721), and after a period of stagnation (1727-43), was revived by the 
success of Kirkpatrick in South Carolina (1743), Robert and Daniel Sutton (1760) 
and William Watson (1768) and Angelo Gatti (1769) in Paris, and actually attained 
the status of scientific preventive inoculation during 1764-98. Variolation is 
preventive inoculation against smallpox by means of virus taken from the human 
subject. In folk-medicine, the end was attained by the East-European custom of 
“buying the smallpox,” 7.e., by bringing coins moistened with virus from the scabs, 
purchased in open market, into contact with skin. The usual procedure in the 
middle of the century was inoculation by puncture or incision, preceded by blood- 
letting and purging. Sutton substituted a sensible strengthening regime for this 
depletion of the patient, and Kirkpatrick attenuated the virus by passing it through 
several human subjects, diluting with water, etc. Gatti showed that apparent 
reinfection was due to mixed infection of other exanthems (scarlatina, measles). 
In this period of experiment in preventive inoculation prior to Jenner, children 
played a prominent part. Timoni inoculated his daughter (1707), Lady Montagu 
her infants (1718-21), Boylston his son (1721), Dimsdale made a fortune by 
inoculating Catherine of Russia and her son (1768), and Ingen-Housz inoculated 
three of the royal family of Austria (1768), after preliminary experiments upon 
200 children of the Viennese suburbs. Jenner made his first experiment in vaccina- 
tion upon a country boy, James Phipps, on May 14, 1796. The great danger of 
variolation was that the inoculated person became, through the scab, a true 
smallpox carrier, and the inoculation was sometimes fatal. Vaccination, with little 
mortality and no possibility of convection, carried the day, and variolation was 
declared a felony by Act of Parliament in 1740.* 

Of the many infantile diseases which were first described and individualized by 
the clinicians of the eighteenth century, diphtheritic croup, variously known as 
angina puerorum, angina polyposa, angina maligna, angina suffocativa, angina 
membranacea, syncope angionosa, cynanche trachealis and cynanche stridula, 
became better understood through the careful accounts of John Fothergill (1748), 
J. B. L. Chomel (1749), John Huxham (1757), Francis Home (1765), and Samuel 
Bard (1771). In 1736, John Freke described myositis ossificans progressiva in a 
. boy. Francis Home (1719-1813) made his experimental inoculations of measles 
in 1759. John Millar (1733-1805), in his ‘‘Observations on the Asthma and on the 
Hooping Cough,” described thymic asthma (1769). J. Z. Platner reviewed the 
Hippocratic doctrine of the tuberculous nature of gibbous spine, with an inter- 
esting plate (1744). Pellagra was described by Gaspar Casal (1735-62) and 
Francis Thierry (1755) and named by Francesco Rappoli (1771). Robert Hamil- 
ton emphasized the orchitic lesion in mumps (1761). Mestivier operated for 
appendicitis, and described the true lesion, froma pin (1759). Heberden described 
varicella (1767), Whytt tuberculous meningitis (1768), John Rutty relapsing 
fever (1770), Percival Pott and J. P. David pressure paralysis from spinal caries 
(1779), Sir George Baker lead-poisoning in children (1784), Hezekiah Beardsley 
congenital pyloric stenosis (1788), Malacarne (1788) and Foderé goitre and 
cretinism and Soemmerring achondroplasia, with a fine plate (1791). John 
Machin (1753), Henry Baker (1753) and Tilesius (1802) traced ichthyosis hystrix 
through successive generations of the Lambert family. 


American pediatrics in the 18th century was more remarkable for 


original descriptions of diseases than for definite contributions to the 
subject. 


The graduating thesis of the celebrated Charles Caldwell (1772-1852) at the 
University of Pennsylvania (1796), attempts to show that internal hydrocephalus, 
diphtheria (cynanche trachealis) and infantile diarrhea were only symptomatic of 
fever in infants (S. 8. Adams). The best individual contribution is the section 


Pry, C. Klebs, “Die Variolation im achtzehnten Jahrhundert.” Giessen 
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on diseases of children in Lionel Chalmers’ “Account of the Weather 1 

of South Carolina” (1776), which treats of worms, convulsions, ae 
catarrhal perl-pneumonia, nervous asthma, quinsies, angina, and whooping cough 
(Jacobi). The most remarkable things were the long series of American tracts on 
smallpox, inoculation and vaccination (1721-1802), the accounts of diphtheritic 
and other anginas by William Douglas (1736), Cadwallader Colden (1757), 
Samuel Bard (1771), Jabez Fitch (1736), I. Dickinson (1740), Peter Middleton 
(1780), Richard Bayley (1781), of malignant pleurisy by John Bard (1749), of 
yellow fever by John Bard, Colden (1743), Mitchell (1741), William Currie (1792), 
Benjamin Rush (1796) John Lining (1799), and of congenital hypertrophic stenosis 
by Hezekiah Beardsley (1788). Samuel Bard’s account of diphtheria was trans- 
lated by Bretonneau in his great work of 1826, highly praised by Jacobi for its 
descriptions of the pharyngeal, tracheo-laryngeal, and cutaneous manifestations, 
and pronounced ‘An American classic of the first rank” by Sir William Osler, who 
also reprinted Beardsley’s paper on congenital pyloric stenosis in 1903. Benjamin 
Rush (1745-1813), the greatest American clinician of his time, described cholera 
infantum (1773), dengue (1780), influenza in children (1789-91), and the thermal 
fever occasioned by the drinking of cold water. 

Jacobi, in his ‘‘ History of American Pediatrics before 1800,” * says that measles 
appeared in New England in 1713, with many later outbreaks; epidemics of 
influenza from 1647 to 1789 were described in old records; scarlatina broke out in 
Philadelphia and Salem, Mass., in September, 1783, through New England in 
1784, these epidemics lasting five years, and again in Philadelphia (1789-91) and 
the Northern States (1792-3). Diphtheria, first reported in New England in 
1659, appeared at Kingston, N. H., in 1735-6, as the angina ulcusculosa”’ of 
William Douglas. 


The rate of infant mortality was dreadfully high in the 18th century. 


Hand-feeding had come into fashion, and Sir Hans Sloane stated that the 
mortality of dry-nursed infants was nearly three times that of the breast fed. When 
patients at the British Lying-in Hospital were required to suckle their own infants, 
the mortality fell to 60 per cent. ‘‘Death from want of breast milk’ was the 
common entry in hospital records. 

Of 10,272 infants admitted to the Dublin Foundling Hospital during 21 years 
(1775-96), only 45 survived, a mortality of 99.6 per cent. Of 31,951 infants 
admitted to the Paris Foundling Asylum during 1771-77, 25,476 (80 per cent.) 
died before the end of their first year (Forsyth). From tables constructed from 
the London Bills of Mortality covering the 100 years ending 1829, the death rate 
per 100 of children under 5 was: 1730-49 (74.5); 1750-69 (63); 1770-89 (51.5); 
1790-1809 (41.3); 1810-29 (31.8) (Edmonds).{ Malthus said that to multiply 
infant hospitals and foundling asylums was the surest means of checking the 
growth of the population. Jci on fait mourir les enfans was the inscription pro- 
posed by a French critic for the Parisian institutions of this kind. Outside the 
hospitals, the evils of baby-farming and of mercenary wet-nursing (in France) 
were prominent factors. The English wet-nurses of the period got 25 guineas a 
year, which led many young women to have illegitimate children, who were 
abandoned at foundling hospitals or died through baby-farming. In France, the 
evil was the same. 

In Georgian England, mixed feeding in the shape of water-pap (moistened 
bread), baked flour pap, weak-broth, beef-tea, bread panada sweetened with 
Lisbon sugar, French bread, Uxbridge rolls, and even the minced meat of turtle- 
doves, larks, thrushes, ortolans and chickens, was preferred to cow’s or goat’s 
milk. Of these infant foods, William Cadogan observes in his Essay on Nursing 
(1750) that “their paps, panadas, gruels, etc., are generally enriched with sugar 
spice or a drop of wine; neither of which they ought ever to taste,” and he adds. 


* A. Jacobi, Collectanea Jacobi, New York, iti (1909), pp. 1-40. 
+ J. R. Edmonds, Lancet, London, i (1835-6), pp. 690-694. Cited by A. K. 
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that “The London bakers are suspected of putting alum into their bread, which 
would be very pernicious to infants; therefore rusks, or the biscuits called tops- 
and-bottoms, or rice may be used instead of it.”” Small beer was given to children, 
and even Underwood recommended a little red wine, as preventing rickets in 
infants learning to walk. Struve recommended three beaten yolks of eggs in a 
sweetened quart of beer for infants after weaning.* Of suckling apparatus, the 
cowhorn (known on the continent from the 13th century) became common 
in England about 1783 and was praised by Heberden. The glass nursing bottle, 
the pap-boat and pap-spoon did not come into vogue until the 19th century. 
On the continent, as we have seen, all these methods had long been known. Porce- 
lain flasks are mentioned by Raulin (1769). Retort-shaped glass flasks were intro- 
duced by Baldwin (1781). Raulin and Rau also recommended boat-shaped 
cups and flat glasses with beaks, shaped like a Roman lamp. The boat was first 


mentioned in England by Armstrong (1792) and held 3-4 fluid ounces. Although — 


ridiculed by Girtanner, who inquired whether the “boat” was a shallop or a war- 
ship, this form survived as the ‘‘Vienna ship” of Rau, and was used even when 
Ammon, in 1882, condemned it as making the child swallow rather than suck. 
The ‘‘Cadogan cans” were used in England, but boats and cans proved dangerous 
when made of tin. Cone-shaped glass flasks, provided with a nipple, were used up 
to 1875. Peter Camper mentions a tube reaching to the bottom of the bottle 
(1777), a precursor of the modern sucking tube (Briining). ft 


In 1761, Jean-Jacques Rousséau published Emile, a tract on the 
education of children, which was condemned and denounced by the 
Archbishop of Paris for its irreligious tendencies (1762). The part 
which immediately concerns us is the long introductory passage in 
Book I, which deals with the hygiene, and nutrition of infaney. In 
this passage, which is virtually a popular treatise on pediatrics, the 
dangers of mercenary wet-nursing and swaddling infants are set forth, 
women are exhorted to nurse their own children, and along with much 
that is silly and inept, there is much that is sound and sensible. The 
book is a tedious one to read, on account of its multifarious rhetorical 
declamation and the foolish, false sentiment of the period. Rousseau, 
himself, is said to have consigned his five illegitimate children to a 
foundling asylum. He was a striker of attitudes, his life, as Carlyle 
said, ‘‘a long soliloquy.’’ Medicine, in particular, he ridicules as a 
useless fashionable cult, “the amusement of the idle, aimless people.”’ 
But his revolutionary ideas about “‘return to nature’? appealed to the 
people of his time, and the centric theme of his argument—“‘ point de 
mére, point d’enfant did much to awaken French mothers to the obliga- 
tion of breast-nursing and caring for their own offspring. 

Emile engendered a large crop of literature on the dangers of mercenary wet- 
nursing and swaddling, such as the Avis aux méres of Madame Le Rebours (1767), 
the Dangers du maillot of Lascazes de Compayre (1778), the Observations sur 
Vallaitement des enfants of Levret (1781) and the pamphleteering of F. A. Weiz 
(1782) and K. Strack (1782-9) on the trade-tricks of wet-nurses. The Nomothe- 
lasmus of Geronomino Mercuriali was fished up and printed at Padua in 1788. 
Rousseau’s propagandism against wet-nurses which had even been preceded by 
Linnaeus (Nutrix noverca, 1762), and others, found its echoes at Vienna in the 
letters of Maximilian Stoll (edited by Eyerel, 1788), in the pamphlets of Cadogan 


* D. Forsyth, Proc. Roy. Soc. Med., London, iv (1910-11), Sect. Dis. Child. 
pp. 121-126. 
| H. Briining, “Geschichte der Methodik der kiinstlichen 
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is a cree ia Lara (1794) and in Wilmington in “The Female Monitor’”’ 
While children were cleverly and effectively portrayed by R i 
borough, Raeburn and other painters of the Aes the aS alee aa 
pediatric interest is the copperplate from Hogarth’s “Mariage & la Mode”’ (Plate 
It), representing a dissolute parent bringing his syphilitic child to a quack. That 
the primitive preference for male offspring was still ascendant is evidenced in the 
engraving of J. J. Moreau the younger, entitled “C’est un fils, Monsieur!” The 


Fia. 9.—J. M. Moreau le jeune: ‘‘C’est un fils, Monsieur!’’ (Preference for 
male offspring in the 18th century.) 


glorification of the male was, in fact, to reach its apogee in the biological writings 
of the Bavarian naturalist Lorenz Oken (1779-1851), who declared that “Ideally, 
every child should be a boy.”’ Lecky, in his histories of England and Ireland in 
the eighteenth century records that infanticide was common in Scotland and 
very rare Among the Irish in this period. Of cruelty to children, an outstanding 
instance may be recalled in the childhood of Frederick the Great and his sister, 
the Margravine of Bayreuth. Had the father of these children been less of a 
brute, the present European war might never have occurred. 

In the eighteenth century blind beggars were objects of ridicule. They were 
tricked out with asses’ ears, peacocks’ tails, and pasteboard spectacles to be utilized 
in burlesque concerts for popular amusement in public places. Diderot was thrown 
into the Bastille for suggesting that they might learn to read and write by the sense 
of touch. Rousseau’ suggested a system of embossed printing for the blind, and 
Valentin Hauy (1745-1822) founded an Institute Nationale for young blind persons 
in 1785, which was successful. The Lettres sur les aveugles of Diderot (1749) and 
the Essai of Hauy (1786) are the early landmarks of this movement. The pioneer 
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of deaf-mute instruction in France was the Abbé Charles-Michel de lEpée (1712- 
89) who founded the first school for deaf-mutes in Paris (1775), published a method 
of instruction (1784), and left an unfinished dictionary of the deaf and dumb signs, 
which is said to have been completed by his successor, the Abbé Cucurron Sicard. 
In America, the earliest pioneer of the deaf-mute instruction was Francis Green 
(1742-1809), of Boston, in his Vox oculis subjecta (London, 1783). 


THE NINETEENTH CENTURY 


In-reviewing the late pediatric literature of the nineteenth and 
twentieth centuries, no attempt will be made to analyze or criticize the 
basic texts. To furnish a critical inventory of the contents of the older 
writings is conceivably and admittedly a function of bibliography. To 

‘render a detailed account of the vast pediatric literature of recent 
times is a fitting task for some future specialist in children’s diseases. 
The outstanding text-books before the time of. Heubner and Finkelstein 
were those of Billard, Rilliet and Barthez, Bouchut, Charles West, 
‘Bednar, Henoch, Gerhardt and Rotch, with the larger systems of 
Gerhardt, Keating, Starr, Pfaundler and Schlossmann, Grancher and 
Comby, Briining and Schwalbe. In England, Underwood held the 
field up to the time of Charles West. The names of Bednar and 
Henoch mark the rise and predominance of modern German influences. 
American pediatrists, before the advent of the metabolists, have 
pursued an independent course. The most favored treatises have been 
those of J. Lewis Smith, Jacobi, Rotch, and Holt. In this period, 
infantile surgery and orthopedics became distinct specialties; the 
movement for the hygienic inspection of schools and school children 
was inaugurated by Virchow, Chadwick, and Hermann Cohn; juvenile 
anthropometry, ethnology, psychology, and criminology began to be 
studied; and the interest in infantile mortality as a phase of national 
depopulation was the starting point of the new social science of infant 
welfare. The spirit of the eighteenth century still informs the pediatric 
literature before the time of Billard, particularly in the remarkable 
books of Cheyne, Heberden, and John Clark. 


John Cheyne (1777-1836), of Leith, Scotland, a medical graduate of Edin- 
burgh (1795), entered the army as a surgeon of artillery. He led a frivolous, 
dissipated life until he settled down to solid practice at Leith Fort in 1799, devoting 
himself to infantile and contagious diseases. In 1809, he settled in Dublin, 
became physician to Meath Hospital (1811) and physician general to the forces in 
Ireland (1820), which was then esteemed the highest medical honor in that country. 
In 1802-8, he published his Essays on the Diseases of Children, dedicated to 
John Rollo, and in 1809 his classic on ‘“The Pathology of the Membranes of the 
Larynx and Bronchia,” beautifully illustrated with colored plates by Charles 
Bell. In 1821, he described the Dublin fever epidemic of 1817-19. During 
1810-11, he made only three guineas in practice, but at the height of his career he 
commanded £5000 yearly. His health failing in 1825, he retired to his estate at 
Sherington, Buckinghamshire, and died on January 31, 1836, leaving a posthumous 
essay on insanity (1843), prefaced by an autobiography. Cheyne’s pediatric 
essays comprise three studies of cynanche trachealis (croup), the bowel complaints 
of children, and acute hydrocephalus. These are scholarly performances, replete 
with historical details and original clinical histories with postmortem findings! 
The essay on bowel complaints is devoted to biliary disorders, in particular, infan- 


THE NINETEENTH CENTURY 85 


tile jaundice and the “green scour” (green stools with griping convulsions) and the 
disease called weaning brash” in Scotland, or atrophia ablactorum (green stools 
with cachexia). The essay on hydrocephalus acutus, dedicated to Charles Bell, 
is a continuation of the monograph of 

Whytt, and sharply criticizes the views 
of Benjamin Rush. Case _ histories and 
autopsies are carefully recorded. 

In 1803-12, Karl Bernhard Fleisch 
(1778-1814), of Cassel, published a four- 
volume Handbook of Children’s Diseases 
containing a series of excellent bibliog- 
raphies, which undoubtedly constitute 
the germ of Meissner’s chronological 
lists of 1850. Fleisch is said to have 
anticipated Czerny in prescribing long 
pauses between the suckling periods of 
the nursing infant. * 

William Heberden (1767-1845), of 
London, son of the greatest English 
clinician between Sydenham and Bright, 
was an Oxford graduate of 1795, 
physician to St. George’s Hospital 
(1793-1803), and physician to the King 
and Queen. He attended George III in 
his last ilmess. The younger Heberden ; 
inherited his father’s classical tastes, and Be Ue oe Chee ge 
made translations of Cicero’s Letters 
and Plutarch on Brotherly Love. In 1804, he published a Latin Epitome of 
pediatrics, } which he himself translated into English (1805). Heberden’s Epitome, 
the work of one of the ablest Greek and Hebrew scholars of his time, is of all 
pediatric treatises the most remarkable for classic purity and simplicity of style. 
In a tiny volume, the size of a child’s primer, the hygiene and therapy of infancy 
and some 52 infantile disorders are set forth in 61 brief chapters, which have all 
the terse quality of the Hippocratic aphorisms. The very titles—‘“still-born,” 
“wind on the stomach,” ‘locked jaw,’ ‘‘watery head,” ‘‘sore ears,” ‘scald 
head”’—suggest the clinician’s preference forthe plain English of every day 
practice. Each chapter goes straight to the point, with nothing of the circumlocu- 
tion of Harris or Underwood. This unpretentious booklet forms a stable bridge 
between the pediatrics of yesterday and of classical antiquity. 

Adolph Henke (1775-1843), a famous medical jurisconsult of Erlangen, 
published a Handbook of Pediatrics (1809), which reached its fourth edition in 
1837, a Pocketbook for Mothers (1810), and monographs on developmental dis- 
eases (18141, internal inflammation in infants (1817) and pulmonary docimasia ’ 
1821). : 
we Clarke (1761-1815), of Wellingborough, Northamptonshire, lecturer on 
midwifery at William Hunter’s school in Windmill Street and at St. Bartholomew’s 
Hospital, was the leading obstetrician of London after Hunter’s day, but later 
devoted himself to a West End practice in gynecology and pediatrics. He pub- 
lished two volumes of obstetric essays (1788-93), and in 1815, his “Commentaries 
on some of the most important Diseases of Children” (Part I). The diseases 
featured are disorders of dentition, convulsions, phrenitis, idiocy, paralysis, and 
epilepsy. These Essays contain the first account of laryngismus stridulus and its 


association with tetany (pp. 86-97). ; 
John Bunnell Davis (1780-1824), being forcibly detained in France by Napo- 


* Langstein and Meyer, “‘Sauglingsernéhrung und Stoffwechsel.’”? Wiesbaden 
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leon, took his M.D. at Montpellier (1803), after which he was released through 
Corvisart’s generosity. Returning to England, he took another M.D. at Edin- 
burgh (1808), and after serving as an army surgeon at Ipswich, settled in practice 
at London (1816), where he helped to found, on St. Andrew’s Hill, the Universal 
Dispensary for Sick and Indigent Children (1816), the first institution of its kind. 
Davis’s Annals of this Dispensary (1821), during the four years of its activity, 
is perhaps the first report of a children’s hospital. He published a Cursory Inquiry 
into the principal causes of mortality in children (1817), in which he was the first 
to advocate visitations of trained nurses for instructing ignorant and indigent 
mothers in the art of infant nutrition and hygiene. 

A great step forward was taken when Pierre Bretonneau (1771-1862), the emi- 
nent clinician of Tours, published his monographs on the contagious nature of 
typhoid fever (1819-29) and diphtheria (1826). Bretonneau described and 
understood the lesions in Peyer’s patches (1820), predicted that typhoid fever 
would some day be distinguished from typhus (1821), and clearly stated the 
doctrine of specificity in. disease (1826-55). He was a kind of specialist in diph- 
theria. In his monograph of 1826,* he synthetizes all the diseases described by so 
many various names under one generic term “diphthérite,”’ which he introduced, 
elucidates its pathology, describes the cutaneous and vulvar forms and concludes 
- with historical extracts from Ghisi (1740), Samuel Bard (1771) and the older 
writers. This book contains the first successful case of tracheotomy in diphtheria, 
which Bretonneau performed on the child Elizabeth de Puységur, on July 1, 
1885,} after five successive failures. 

Johann Christian Gottfred Joerg (1779-1856), a Leipzig M.D. of 1805 and a 
pupil of the obstetrician Boér, wrote much on gynecology and obstetrics, early 
orthopedic treatises (1810-12), a handbook of pediatrics (1826) and a monograph 
on pulmonary diseases from imperfect respiration in the newborn (1832). 

Joerg’s pupil, Friedrich Ludwig Meissner (1796-1857), who graduated in 
medicine at Leipzig (1819), erected an obstetrical polyclinic there in 1838 and made 
a great reputation in obstetrics and gynecology. He published a work on super- 
feetation (1819) a two-volume treatise on pediatrics (1828, 3d ed. 1845) and six 
volumes of ‘‘Forschungen”’ (1826-33), three of which are devoted to a review of 
pediatric literature from 1801 to 1832. This led to his invaluable Grundlage or 
bibliography of pediatrics (1850),f which consists of a strictly chronological 
arrangement of books and monographs by subjects, under 90 subdivisions, in 
other words, a miniature Index Catalogue of pediatric literature from 1472 
to 1849. 

In 1828, Frederick Corbyn, a surgeon in the Bengal Army, and editor of the 
Indian Journal of Medical Science (1835-42), published his valuable work on the 
management and treatment of infantile diseases in India, illustrated by inter- 
esting tinted plates. The subject was admirably summarized in a little book of 
pocket size, the “Hints” (1844) of Henry Hurry Goodeve (1807-84), another 
Bengal Army surgeon, which has been a vade-mecum in Indian pediatrics ever 
since, reaching its eighth Calcutta edition in 1886. Another treatise on tropical 
pediatrics was that of the anthropologist F. A. C. Waitz (1798- ), of Samarang, 
Java, published simultaneously in Dutch and English (1843, 2d ed., 1866). This 
was followed by the treatises of 8. C. Amesburg (1886), G. Montagu Harston 
(1912), and others. 

In 1833-37, the Austrian Army surgeon Franz Josef Mezler von Andelberg 
(1787-1858) published a valuable collection of pediatric essays,§ selected from the 
best writers, such as Bischoff on the examination of the sick child, Fenner on 
pediatric etiquette, Billard on the semeiology of the infant’s ery, Hufeland on 


iy Bretonneau, “Des inflammations spéciales du tissu muqueux et en particulier 
de ja diphthérite.”” Paris (1826). 


t Bretonneau, op. cit., pp. 300-325. 
fF. L. Meissner, ‘‘Grundlage der Literatur der Padiatrik.” Leipzig (1850). 


§ Mezler, “Sammlung anserleserner Abhandlungen iiber Kinderkrankheiten,”” 
Prague (1833-7). 
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general principles, fetal diseases and cephalhematoma, Guibert on pericarditis, 
and Basedow on psorophthalmia. 


The most important pediatric treatise of this early period was that 
of Charles-Michel Billard (1800-32) of Pelouaille, France, who studied 
medicine at the Ecole secondaire of Angers (1819-23) and came up 
to Paris in 1824, having acquired the funds by a prize essay on the 
gastro-intestinal mucous membrane (1825). He was very poor, had to 
eke out his living by translations, journal articles and other hack-work, 
and did not get his medical degree until 1828. In the same year he 
published his treatise on the diseases of newborn infants and sucklings, * 
with an atlas, (1828, 3d ed. 1837), which was translated into German 
by Meissner (1829). 


This work, the fruit of Billard’s internship at the Hospice des enfants trouvés 
(1826-28), where he made many autopsies, was inspired’ by his reading of Mor- 
gagni, and indeed, is eminently representative of the French medicine of Bichat’s 
and Laénnec’s day, in which clinical notations were correlated with autopsy 
findings. It is, in fact, the first pediatric treatise in which a uniform classification 
of diseases is attempted from a definite standpoint, viz., that of the pathological 
lesion. The book begins with a careful consideration of the attitudes, coloration 
of the skin, height and weight, semeiology of crying, facial expression, and pulse 
in the newborn. ‘The diseases are classified under the following categories: skin 
(including exanthematous fevers, cancer, leprosy, anthrax, etc.), digestive appara- 
tus, viscera, air passages, circulation, cerebro-spinal system, locomotive system, 
generative organs, lymphatics, eye, infantile jaundice, alterations of the blood, 
abnormities and congenital diseases, with medico-legal considerations, and 87 case 
histories. This is the first classification of infantile diseases of any importance, 
for many titles listed in the older treatises are not diseases but symptoms. To the 
second and third editions, Billard’s graduating dissertation on the jurisprudence 
of viability (1828) was added. The work shows considerable research in foreign 
literature, its author having learned German, English and Italian in order to write 
it. After its publication, with a brilliant Parisian career in prospect, Billard, a 
modest nature, returned to Angers with his wife and child, and died of phthisis 

uary 31, 1832. 
o io. Be en csnint Alexandre Donné (1801-78), of Paris, who first observed the 
blood platelets (1842), published an important treatise on milk (1837), with plates, 
and two books of advice (Conseils) to mothers and families on the rearing of infants 
and children (1846, 1864), all of which were translated into German. 

Francois-Louis-Isidore Valleix (1807-55), of Toulouse, began the study of 
medicine at Paris in 1826, became interne at the Children’s Hospital (1830) and 
graduated with a dissertation on slow asphyxia in the newborn (1835). He later 
served at the Bureau central (1835) and other hospitals, and died in 1855 of 
diphtheria, contracted while treating a sick child. During his student days in 
hospital, he gathered the materials for his Clinique des malades des enfants nouveau- 
nés (1838), which follows the tendency established by Andral (Clinique médical, 
1829-33), carried to the highest point of perfection by Trousseau, and latterly 
revived by Richard Cabot, Morse, and others, viz., the exposition of the data of 
internal medicine by means of clinical case histories, rather than by a formal text- 
book. This tendency characterized the first attempt at a pediatric periodical, 
the Clinique des hépitaux des enfans, (1811, 1841), as also V. Stéber’s Bae re 
from the pediatric section of the Strassburg Faculty (1841), the rtleee 0 = 
Becquerel and Vanier (1843-4), the reports from the children’s hospitals at Fra F 
fort and Dresden (1845-6), and the later clinical collections of Rittershain an 
others. Valleix also published a treatise on neuralgia (1841), in which his name is 


eponymically preserved in “WValleix’s points.” : 
* Billard. “Traité des maladies des enfans nouveaux-nés et 4 la mamelle. 
Paris (1828). 
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The three outstanding pediatric text-books after the time of Billard 
were those of Rilliet and Barthez, Bouchut, and Charles West. Fréd- 
éric Rilliet (1814-61), of Geneva, began his medical studies in Paris 
(1833), and, with his friend Antoine-Charles-Ernest Barthez (1811-91), 
a Paris graduate of 1839, turned his attention to pediatrics. He gradu- 
ated with a dissertation on typhoid fever in children (1840), and later 
returned to Geneva, where he described the local epidemics of measles 
(1847), mumps (1850) and cholera (1856). Before graduation, he had 
begun, with Barthez, the famous Traité clinique et pratique des maladies 
des enfants, which, after seven years’ work, was completed in three 
volumes (1838-43), crowned by the Academy of Sciences and Academy 
of Medicine, authorized by the Council of Public Instruction, and 
passed through three editions, the third (1884), being completed by 
Barthez and A. Sanné, a laureate of the Academy of Medicine, who was 
noted for his treatise on diphtheria (1877) and his graduating disserta- 
tion on tracheotomy in croup (1869). ; 


This great work began definitely with a volume on infantile pneumonia in 1838. 
The first edition (1843), follows the general lines laid down by Billard and contains 
many case histories. In the second edition (1861), the case histories begin to 
disappear, and the treatise is enriched by historical studies of the different dis- 
eases and by the valuable interim clinical studies of the authors, in particular, 
Rilliet on tuberculous meningitis (1846), intestinal hemorrhage of the newborn 
(1848), sclerema (1848), essential paralysis (1851), poliomyelitis (1851),* encephalo- 
pathic albuminuria (1853), dyspepsia and apepsia (1854), dilatation of the stomach 
(1858) and Rilliet and Barthez on the history of typhoid fever and the anginas 
(1840-41), tuberculosis of the bronchial glands (1840-41), chronic hydrocephalus 
(1842), arachnoidal hemorrhage (1842), the history of bronchitis and broncho- 
pneumonia (1851) and the signs of chronic pleurisy (1852-3). In the third edition 
(1884), sometimes called ‘‘Barthez and Sanné,” the case histories have entirely 
disappeared, after the modern fashion, and the details of historical development of 
different diseases in children, with the valuable footnotes, make this edition, in the 
words of Ruhrah, ‘‘a perfect treasure-house of information,’’} a book for the desk of 
all learned pediatrists. The account of poliomyelitis occurs on p. 545 of Vol. II 
of the second edition (1861). Much attention is paid to gastritis and ‘‘softening 
of the stomach’? described by Jaeger (1786), which John Hunter regarded as post- 
mortem auto-digestion, which Trousseau defined as a ‘‘choleriform enteritis’? with 
post-mortem gastric changes, and which the earlier American pediatrists termed 
cholera infantum or “summer complaint” (“‘cholerine” of Bourgeois). 


Ernest Bouchut (1818-91), a Paris graduate of 1842 and physician 
to the Hépital des enfants malades (1872), was a pioneer in the use of 
the ophthalmoscope in the diagnosis of nervous diseases (1865) and 
the jurisprudence of death, wrote an important book on neurasthenia 
(Du nervosisme, 1860) a good history of medicine (1864, 1873), an atlas 
of ophthalmoscopy and cerebroscopy (1876), treatises on diagnosis 
(1883), seminal vitalism (1888) and several important books on pedi- 
atries, notably those on the diseases of children (1845, 6. ed., 1873) 
and the hygiene and nutrition of infants (1845, 5. ed., 1866). In 1858, 
he published important researches on the laws of infantile mortality, 


* Rilliet, Gaz. Méd. de Paris, vi (1851), 3d s., pp. 681, 704. 


tJ. Ruhrih, “A Manual of the Diseases of Infants and Children,” 3d ed 
Philadelphia (1911), p. 514. en, ed., 
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and, in 1884, a pediatric Clinique which consists of 60 clinical lectures, 
like those of Andral, Valleix and Trousseau. In 1858, he outlined a 
plan for intubation of the larynx, which met with such rebuffs from 
_ the Academy of Medicine that he abandoned it. 

His Manual pratique of 1845, treats of the hygiene and nutrition of 
infancy, the semeiology of infantile diseases, after the manner of 
Billard, with sections on diseases of the mouth, abdomen, nose, larynx, 
_ chest, exanthemata and skin diseases, eyes and rickets, illustrated by 
clinical cases. The sixth edition (1873) is a massive volume of 1092 
pages. Although Bouchut was a famous medical historian in France, 
his pediatric treatise contains 
little history, but his book on 
infant hygiene is illustrated with 
interesting pictures of nursing 
bottles, bathing, walking chairs, 
jumpers and gymnastic apparatus. 

The greatest English pediatrist 
of his time, and perhaps the most 
genial practitioner of the art who 
ever lived, was Charles West, of 
London (1816-98). The son of 
a Baptist lay preacher, West was 
prevented by his father’s religious 
prejudices from entering Oxford, 
and after a medical apprenticeship 
with Mr. Gray at Amersham, 
where he became exceedingly skil- 
ful in compounding medicines, he 
studied at Bonn, Paris, and Berlin, 
where he graduated M.D. with 
an illustrated dissertation on the 
female pelvis (1837). While wait- ise ee poy 
ing for practice in London, he Library.) 
put in a summer at the famous . 
Rotunda Lying-in Hospital of Dublin and at Meath Hospital under 
Graves and Stokes (1838). In 1842, he was appointed physician to 
the Infirmary for Children in Waterloo Road and, in 1845, lecturer on 
midwifery at the Middlesex Hospital. In the meantime, he had 
written much and had translated Naegele on Obstetric Auscultation 
(1839) and Johannes Miiller on the structure of cancer and tumors 
(1840). In 1847, he gave a course of lectures on diseases of children 
at Middlesex Hospital, the substance of his great work. During 
1848-60, he delivered lectures on midwifery at St. Bartholomew's 
Hospital, which, with his published lectures on diseases of infancy and 
childhood (1848) and on diseases of women (1856-8), were the 
foundation of his fame. In 1852, West established the Children’s 
Hospital in Great Ormond Street, where he was senior physician 
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until 1875. What he did for this institution will be described 
in the section on Hospitals. Admitted to the Royal College of 
Physicians in 1842, he became fellow (1848), censor (1863) and 
senior censor (1870) and delivered the Croonian lectures on ulceration 
of the os uteri (1852), the Lumleian lectures on “Some Disorders of the 
Nervous System in Childhood” (1871) and the Harveian oration 
(1874). About 1878 he became a Roman Catholic. In 1880, he 
was driven by bad health from the London fogs to Nice, where he 
practised until 1885. He settled in Harley Street, where many of his 
old patients came back to him, but he found the doors of the London 
hospitals closed to him, and after some years of travel and struggle with 
ill health, he died at Paris on March 19, 1898, at the age of 81. West, a 
refined, sensitive, pietistic nature, a born orator, a master of simple flaw- 
less English, took his profession with 
a priest-like seriousness, was some- 
times in hot water with colleagues, 
had to leave the Children’s Hospital 
and St. Bartholomew’s, but was an 
ideal physician with women and 
children. Children stopped crying 
and came to him at once. Through 
a charming ritual, with marvellous 
toys, of which the drawers of his 
office desk were full, he had no diffi- 
culty in making the most accurate 
diagnosis, wrote the most palatable 
prescriptions and never gave a medi- 
cine which he had not previously 
tasted himself. In spite of the pro- 
fessional hazards incurred by hisideal 
of the physician’s calling—Benedictus 
Fie. 12,—Charles West (1816-98). qui venit in nomine Domini—he prac- 
tised his specialty in a big human 

way, rarely equalled and never excelled.* 

The pediatric writings of West include, besides the treatises mentioned, a 
beautiful lecture to nurses on “How to nurse sick children,’’ first issued anony- 
mously (1852), later under his own name (1855). This is a good example of the 
classical perfection and simplicity of his style, as also his “‘Mother’s Manual of 
Children’s Diseases’’ (1885). The pediatric treatise of 1848, passed through seven 
editions, and was translated into nearly every European language, including 
Arabic. The German translation of 1865 was edited by Henoch. The sixth 
edition is based upon nearly 200 clinical cases and 600 post-mortem examinations. 
The book opens with an admirable lecture on examination of the sick child, and 
case-taking, after which diseases of the brain and nervous system, respiratory 
organs, heart, digestive organs, urinary organs and fevers are handled in successive 
chapters. The classification is a capite ad calcem, as in the old Salernitan treatises. 
The importance of breast feeding in the prevention of infantile diarrhea and tuber- 
culosis is emphasized. The account of infantile tuberculosis, the account of 


poliomyelitis (Kennedy’s or morning paralysis), and the table showing the com- 
position of different kinds of milk with the deduction that asses’ milk is chemically 


* For the life of West, see Brit. Med. Jour., i (1908), pp. 921-923. 
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the best for infant feeding are important points in the book, which Jacobi describes 
as “one of the most instructive and eloquent in medical literature.” 


American pediatric literature up to 1896 has been carefully analyzed 
by Samuel 8. Adams.* é 


The outstanding items are the post-mortem sections of cholera infantum by 
James Stuart (1806), James Jackson (1812), William E. Horner (1829) and J. 
Lewis Smith (1858), Edward Miller’s advocacy of cold bathing in fevers and cold 
clysters in tormina and tenesmus (1814), the pioneer brief for school hygiene by 
Edward Reynolds (1833), W. W. Gerhard’s papers on smallpox (1832), measles 
(1833), tuberculous meningitis (1833) and pneumonia (1834) in children, Samuel 
Jackson’s paper on cold water in malignant scarlatina (1833), John Watson’s 
letter on surgical diseases of childhood (1853), Joseph O’Dwyer’s device of intuba- 
tion in diphtheritic croup (1879-86) and the pediatric treatises of ““An American 
Matron”’ (1810), George Logan (1825, William P. Dewees (1825), which combats 
swaddling, the abuse of cradle-rocking and the chewing of infant’s food by the 
nurse, John Eberle (1833), who follows Dewees, James Stewart (1843), D. Francis 
Condie (1847), J. Forsyth Meigs (1848), Charles D. Meigs (1850), J. B. Beck on 
infant therapeutics (1849) and the later books of Jacobi, Smith, Keating, Starr, 
Rotch and Holt. 


It seems, in an old cant phrase “‘almost providential”’ that Meissner 
should have extended his fine bibliography of pediatrics up to the year 
1850, for his arrangement of titles affords a clear view of the different 
cross-currents affecting the progress of this science at the close of an 
epoch. Helmholtz’s essay on the Conservation of Energy (1847), 
Virchow’s Cellular Pathology (1858) and Darwin’s Origin of Species 
(1859) signalized the advent of a new way of looking at things, the 
beginnings of the more exact and scientific medicine of the laboratory 
and the clinic. While this tendency did not affect pediatrics appreci- 
ably before the beginning of the twentieth century, it was heralded by 
the rise of German influences in the works of Bednar, Gerhardt and 
Henoch, the forerunners of the metabolists. Up to the middle of the 
century, the trend of pediatrics had been determined by French 
influences, which were fourfold, viz., the effect of the teachings of. 
Bichat, Cruveilhier, Laénnec, Louis and Chomel upon internal medi- 
cine; second, the cult of teaching internal medicine and pediatrics by 
case histories, inaugurated by Andral and Valleix; third, the example 
set by Billard in the classification, nomenclature, and delineation of 
infantile diseases; fourth, the effect of the doctrines of Broussais, which 
exerted a marked effect upon infantile pathology for nearly half a 
century. Broussais maintained that disease is merely the effect of 
local inflammation upon some part of the body, that specific morbid 
poisons are non-existent, that to label a group of symptoms with a 
name is merely “ontology,” and that most internal disorders are the 
effect of @astro-enteritis. All medical Paris was for a time polarized 
by these theories of Broussais, an old army surgeon ot Napoleon’s 
campaigns, who had once sworn at troops as a sergeant and swung 
a privateersman’s cutlass in the Revolution. As he approached the 
scriptural span of life, Broussais grew more and more tyrannical. 
Laénnec likened him to Paracelsus. The satirical fun-loving Parisians 


*§. S. Adams, Tr. Am. Pediat. Soc., N. Y., ix (1897), pp. 5-31. 
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of the younger set—Louis, Chomel, Trousseau, Velpeau—were fain to 
see him as Gambetta later envisaged MacMahon: “II est resté parce 
quil n’a pas compris qu’il devait s’en aller.” But through his influence 
infantile diarrhea, typhoid, and other intestinal disorders were regarded 
as symptoms of gastro-enteritis. Even after the time of Billard, indeed 
as late as 1845, P. Hood in his “Practical observations on the diseases 
most fatal to children,” proposes that they be treated as resulting from 
“irritation” rather than inflammation, which is mere empty phrasing. 
The attempt at an exact classification of the disorders of infant 
nutrition is mainly characteristic of Bednar, Gerhardt, Henoch, and 
the later German school. 

Between 1800 and 1850, Meissner lists some 150 separate treatises on pediatrics. 
Apart from those already named, the books of Friedrich Jahn (1803), which follow 
the Brunonian theory, Ludwig Formey (1811), J. Capuron (1813), J. Feiler (1814), 
L A. Gdlis (1815), J. M. Combes-Brassard (L’ami des méres, 1819), A. Levreton 
(1820), M. Veron (1821), C. T. Haden (1827), F.-A. von Ammon (1827), Miles — 
Marley (1830), F. L. Legendre (1846), James William Coley (1846) deserve 
mention. From Dublin came the “Observations” of Gustave Hume (1803) and 
the “Practical Treatise’ of Richard T. Evanson and Henry Maunsell (1836), 
from Italy the “‘Compendio”’ of Giuseppe Maruncelli (Naples, 1808). 

In the second half of the nineteenth century, the principal writers 
on pediatrics were mainly German.* After the death of Parrot French 
pediatry passed into eclipse and, in 1904, Escherich declared its glory 
had departed from it (Hutinel). 

Alois Bednar, a docent at the University of Vienna, was, in the 
words of Jacobi, ‘‘one of the most original scientific pediatrists of 
Europe,” an active and enlightened teacher who never attained 
to the professoriate. He was author of a treatise on the diseases of 
newborn and suckling infants, in four parts (1850-53), which was 
translated into Dutch, a pediatric Lehrbuch (1856), and a treatise on 
infant diet (1857). He gave the original description of Bednar’s 

‘aphthe, which had been adumbrated by Felix Wiirtz. His pediatric 
treatise is distinguished by most careful accounts of the different 
toxemias of infancy, which were so plentiful in the foundling asylums 
of his time. 

Carl Hennig (1825-1911), of Dresden, graduated in 1848, at Leipzig, 
where he became director, of the Pediatric Polyclinic (1855), and, in 
1863, of the Children’s Hospital founded by him, and from which he 
issued reports (1866-82). He published treatises on pediatrics (1855, 
3d ed., 1864), gynecology (1893), and obstetrics (1893), and wrote the 
monographs on the history of pediatrics, cephalhematoma, umbilical 
diseases, sclerema, diseases of the female sexual organs, and diseases of 
the thymus gland in the Gerhardt Handbuch (1877-93). His exact 
and learned pediatric treatise would have been better recognized. had 
he attained more worldly prominence (Jacobi). 


2 In selecting and arranging the pediatric writers of the modern German school, 
I wish to acknowledge the valuable information kindly furnished me by the late 


Dr. A. Jacobi, whose advice to younger men was ever generous, encouraging and 
sympathetic. 
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Alfred Vogel (1829-90), of Munich, and Erlangen graduate (1853), 
an assistant in Pfeuffer’s clinic (1853-55), and later professor and 
director of the medical clinic at Dorpat (1866-86), was the author of 
clinical investigations on typhoid fever (1856, 2d ed., 1860), a new test 
for milk (1862), a monograph on diseases of the lips and mouth (1874), 
and a text-book of children’s diseases (1860), which passed through 
twelve editions and was translated into English. 

Johann Heinrich Rehn, a graduate of Marburg (1855), was one of 
the first to study epidemic jaundice in children (1869), published an 
atlas of the bony alterations of the chest (1875), described nodular 
rheumatism as an affection peculiar to the tendon-sheaths (1878), and 


oa Fie. 14.—Johann Thoedor August 
Fig. 13.—Carl Gerhardt (1833-1902). Steffen (1825-1909). (Courtesy of 


Dr. A. Jacobi, New York.) 


_ contributed the monographs on rickets (1878) and diseases of the 
peritoneum (1879) to the Gerhardt Handbuch. 

Carl Gerhardt (1833-1902), of Speyer, a pupil of Bamberger and 
Griesinger, graduated at Wurtzburg (1857), became professor and 
leader of the Medical Clinic at Jena (1861) , and succeeded Bamberger 
at Wurtzburg (1872) and Frerichs at Berlin (1885). Although one of 
the greatest pediatrists of modern times, he disliked specialism and 
eschewed it. To laryngology he contributed his famous monographs 
on laryngeal croup (1859), paralysis of the vocal cords eee 
laryngeal tumors (1896), diseases of the pleura and syphilis the 
larynx, and trachea (1898); to diagnosis, his treatise on auscu eee 
and percussion (1866), to pediatrics, his Lehrbuch (1861, 5th ed., 
1897-9) and the great Handbuch of 1877-96, to which the most rang A 
German pediatrists of his time contributed, and which, with the thir 
edition of Rilliet and Barthez (1884), is the main storehouse of see 
data about children’s diseases. He also introduced the iron chloride 
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reaction for acetonemic urine (1865). He was a master of concise 
expression. ‘‘Every sentence,’ says Jacobi, ‘‘expressed a fact, a 
truth.” He died on July 21, 1902, in the same year with Virchow, 
Kussmaul, and Ziemssen. 

Johann Theodor August Steffen (1825-1909), of Stettin, a graduate 
of Halle (1848), was Pfeuffer’s assistant at Heidelberg (1847-48) and 
subsequently physician in chief at the Children’s Hospital founded by 

LET e3 him at Stettin (1853-1900). From 
this institution came his Klinik der 
Kinderkrankheiten (1865-89), his 
essays and observations on certain 
important children’s diseases 
(1895), and his monographs on the 
pathological anatomy of childhood 
(1901) and malignant tumors in 
children (1905). To the Ziemssen 
Handbuch, he contributed the 
articles on whooping cough and 
spasm of the glottis (1876), to the 
Gerhardt Handbuch that on cerebral 
disease in children (1879). He was 
also coeditor of the Jahrbuch ftir 
Kinderheilkunde (1867-1900). In 
1898, Steffen proposed a strong diet 
for infancy, the harmful effects of 
which were denounced by both 
Heubner and Czerny (1900).* 

Eduard Heinrich Henoch (1820— 
Fie. 15.—Eduard Heinrich ig oe 1910), of Berlin, a pupil of Schén- 


(1820-1910). (Courtesy of Pe : : 
George N. Acker, Washington, D. C.) len and Romberg (his uncle), 


graduated at Berlin in 1842, became 
professor extraordinarius (1858) and was director of the Pediatric 
Clinic and Polyclinic at the Charité for twenty years (1872-93) after 
which he retired to Meran and Dresden. He published clinical contri- 
butions from Romberg’s polyclinic (1846-51), a clinic of abdominal 
diseases (1852-58), a series of Contributions to Pediatrics (1861-68), 
lectures on children’s diseases (1881, 11th ed., 1903), which was trans- 
lated into English (Sydenham Society, 1889), twice into Russian (1881, 
1888), and French (1885). He translated George Budd’s treatise on 
diseases of the liver (1846) and Charles West on diseases of children 
(1872) and was the first to describe abdominal purpura (Henoch’s 
purpura, 1874) and dyspeptic asthma (1876). A Festschrift (Pddia- 
trische Arbeiten), edited by Adolf Baginsky, was published in honor of 
his seventieth birthday in 1890. His lectures on pediatrics are 
written in classic style and are described by Jacobi as “belonging to 


“Steffen, Jahrb. f. Kinderheilk., xlvi (1898), p. 332; Heubner, Jacobi Fest- 


schrift (1900), p. 290; Czerny, Jahrb. f. Kinderheilk., li (1900), p. 15. Cited by 
Czerny-Keller. 
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the most exquisite specimens of literature.” Upon his retirement in 
1893 his chair was offered to Jacobi, but being declined, was occupied 
by Heubner and subsequently by Adalbert Czerny. 

Otto Soltmann (1844-1912) of Berlin, became professor extra- 
ordinarius at Breslau (1884), where he was director of the Wilhelm 
Augusta Hospital (1872) and the Children’s Home (1882). Called to 
Leipzig, he became director of the University Clinic (1894) and built 
the large Children’s Hospital there 
(1898). He contributed to the 
Gerhardt Handbuch, published a 
book on the treatment of diseases 
of nurslings (1881, 2d ed. 1886) 
and wrote on infantile neurology 
(1875-78), gestures of sick children 
(1887), pavor nocturnus (1888), 
children’s handwriting (1890), phy- 
siological peculiarities of childhood 
(1895), wth Arbezten from his clinic 
(1896-98). 

Philipp Biedert (1847-1916), 
graduated at Giessen with a dis- 
sertation on the chemical differ- 
ences between human and cow’s 
milk (1869, 2d ed., 1884), served as 
a volunteer medical officer in the 
Franco-Prussian War, became head- 
physician of the City Hospital at a. 
Hagenau (Alsace) and professor ip - adult (Bacmeetta 
(1895). He was one of the original 1918). (Courtesy of Des i. Hess, 
founders of the German Society of | Chicago.) 

Pediatrics (1883), and inaugurated 

the science of artificial infant feeding. In 1879, he described ‘‘fat 
diarrhea” (Demme, 1874-77). He published a treatise on infant 
nutrition (1880, 5th ed., 1905), edited the ninth and later-editions of the 
Vogel Lehrbuch, and a volume on the care of children called Das Kind 
(1906). Maintaining that cow-casein is far less digestible than casein 
of human milk, he introduced a series of graduated mixtures of cream, 
water and milk-sugar (Rahmgemenge) as surrogates for cow’s milk, from 
which came the earliest preparation of preserved cream (ramogen). 
In 1888, Biedert signalized the difficulty of digesting casein as a promi- 
nent cause of infantile disorders. 

Adolf Baginsky (1843-1918), of Ratibor, Silesia, a pupil of Virchow 
and Traube, graduated at Berlin (1866), served in the Franco-Prussian 
War, opened a special polyclinic for children’s diseases in Berlin (1872) 
and became professor extraordinarius in the University (1891). In 
1890, in collaboration with Virchow, he founded the Kaiser-und 
Kaiserin-Friedrich Kinderkrankenhaus, of which he was director. 
His pediatric writings include a Handbook of School-Hygiene (1876, 
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3d ed., 1898-1900), a series of “‘ Practical Contributions to Pediatrics” 
(1881-84), a text-book of children’s diseases (1882, 7th ed., 1902), 
monographs on diphtheria (1893-5), a treatise on infant hygiene and 
infant nutrition (with Paul Sommerfeld, 1906), and a large number 
of separate essays and popular writings. He was one of the most active 
and practical scientific pediatrists of modern times. In 1877, he 
founded, with Alois Monti, the Central-Zeitung fiir Kinderheilkunde 
(1877-9), which in 1880 became the Archi ftir Kinderheilkunde, of 
which he was co-editor up to 1918, the volume for 1913 being a Fests- 
chrift in his honor. He also edited a series of Arbeiten from the 
Friedrich Children’s Hospital (1891-97). 

Of the Austro-Hungarian pediatrists, Ludwig Mauthner von 
Mauthstein (1806-58), of Raab, graduated at Vienna (1831) and 
became an army surgeon. MRenouncing his military career in 1837, he 
took up pediatrics in Vienna. He founded an Institute for the 
treatment of poor sick children, which is the present St. Ann Hospital. 
Here Mayr, Widerhofer and Escherich made themselves famous as 
teachers. In 1844, Mauthner opened the first pediatric clinic. In 
1850, he acquired a Children’s Hospital and a professorial position. 
He was ennobled in 1849. He published reports from St. Ann (1851), 
treatises on diseases of the brain and spinal cord in children (1854) and 
on diet in children (1853). 

Johann Steiner (1832-76), a graduate of Prague (1858), where 
he became professor extraordinarius (1866), was the author of many 
contributions to clinical pediatrics, and of a compendium (1872), which 
was translated into English by Lawson Tait (1874) and into French 
(1880). 

The founder of the brilliant Vienna school, with its elaborated 
semeiotics, was Franz Mayr (1814-63), -of Uderns, Tyrol, a Vienna 
graduate of 1845, who rose from bitter poverty, to be director of St. 
Ann and professor of pediatrics in the University. He made extended 
clinical studies of 594 cases of measles 41852) and congenital syphilis 
(with Widerhofer and others, 1862), wrote a manual on care of children 
; aa and was first editor of the Jahrbuch fiir Kinderheilkunde (1857— 

Hermann Widerhofer (1832-1901) graduated at Vienna, where he 
became professor in 1885. He wrote a monograph on diseases of the 
umbilicus in the newborn (1863), the articles on diseases of the bron- 
chial glands, stomach and intestines in the Gerhardt Handbuch (1878— 
80) and was co-editor of the Jahrbuch fiir Kinderheilkunde (1863-1901). 
From Widerhofer and his pupils came the close delineations of the 
disorders of infantile nutrition, which Heubner praises. Widerhofer’s 
classification of gastro-intestinal diseases is however, characterized by 
an extraordinary minuteness. 

Gottfried Ritter von Rittershain (1820-83), of Lemberg, graduated 
at Prague (1844), where he was for twenty years courtroom and prison 
physician, became head physician to the Foundling Asylum (1865), and 
professor extraordinarius of pediatrics (1865-80). In 1874, he erected 
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a special pediatric clinic attached to the Foundline As 

on the pathology and therapy of rickets (1863), See ieee 
in the newborn (1871), mental activity (Gerstesleben, 1871), exfoliative 
dermatitis in infants (1878), the hygiene of childhood (1878) and 
during (1865-78, issued his clinical and statistical reports from the 
Foundling Hospital at Prague, which are famous for their wealth of 
interesting pediatric material. To the history of medicine he made a 


_ Fie. 17.—Gottfried Ritter von Fig. 18.—Max  Kassowitz 
Rittershain (1820-1883). (Cour- (1842-1913). (Courtesy of Dr. 
tesy of Dr A. Jacobi, New York.) J. H. Hess, Chicago.) 


memorable contribution on the ancient temple-cult of incubation 
(1878). He founded the Jahrbuch ftir Physiologie und Pathologie des 
ersten Kindesalters (1868) and was co-editor of its successor, the 
Oesterreichisches Jahrbuch fiir Pddiatrik (1870-78). Suffering from 
epilepsy (the subject of his graduating thesis), he retired to Gérlitz 
in 1880, and died of an apoplectic stroke on August 20, 1883. 

Alois Epstein (1849-1918), of Kamenitz, Bohemia, graduated 
at Prague (1873), where he became professor and director of the Pedi- 
atric Clinic in the University (1884). He wrote on jaundice in the 
newborn (1880), foundling asylums (1880), duration of gastric 
digestion in infancy (1880-87), antiseptic measures in infant hygiene 
(1888), cholera infantum (1890) and disorders of infant nutrition 
(1899). By rigid asepsis in infant hygiene, Epstein, in fourteen years 
reduced the mortality in the Foundling Asylum at Prague from 30 to 
5 per cent. (Heubner). 

Max Kassowitz (1842-1913), of Pressburg, Hungary, a Vienna 
graduate of 1863, assisted and succeeded L. Politzer as director of the 
Vienna Polyclinic Institute No. I (1881) and became professor of 

Vou. I—-7 
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pediatrics in the University (1891). He wrote on hereditary syphilis 
(1876), rickets (1881-86), lectures on children’s diseases during denti- 
tion (1892), a treatise on general biology (1899) and edited a series of 
pediatric contributions (‘‘Beitrage”’) from his Institute (1891-93). 
Kassowitz was the first to recommend phosphorus and cod-liver oil 
(Phosphorleberthran) in the treatment of rickets (1883), but his patho- 
logical theory of the disease has been abandoned. 

Alois Monti (1839-1909), of Abbiategrasso, Lombardy, graduated 
at Vienna (1862), became Widerhofer’s assistant (1862-69), and 
eventually professor extraordinarius at the University. He wrote the 
articles on epidemic cholera, diseases of the kidneys and suprarenal 
bodies, and hemorrhage of the spinal cord in the Gerhardt Handbuch 
(1878-84), and monographs on croup and diphtheria in children (1884), 
nutrition up to weaning (1897), disorders of infantile nutrition (1897— 
98), visceral diseases in children (1898-1903) and a series of clinical 
lectures on pediatrics (1897-1903). With Adolf Baginsky, he was 
founder and co-editor of the Central-Zeitung fiir Kinderheilkunde 
(1877-79) and its successor, the Archiv fiir Kinderheilkunde (1880-1909). 

Ludwig Unger (1848- ) of Marienthal, Hungary, a Vienna 
graduate of 1870 wrote on cortical epilepsy (1886) and diffuse insular 
sclerosis (1887), in children,. published a text-book of pediatrics 
(1890, 3d ed. 1901), and translated the Regiment of Metlinger (1904). 

Janos Bokai (1822-84), of Igl6, Hungary, graduated at Budapest 
(1847), where he became chief physician to the Hospital for Poor 
Children (1849) and professor of pediatrics in the University. He was 
instrumental in the erection of a fine children’s hospital of modern 
type at Budapest (1884). He wrote the monographs on diseases of 
the male organs, bladder and rectum in the Gerhardt Handbuch (1878), 
and was co-editor of the Jahrbuch fiir Kinderheilkunde (1858-84). 

In Russia, Karl Rauchfuss (1835-1915), of Petrograd, physician and 
prosector to the Foundling Asylum (1858-68), director and head- 
physician of the Children’s Hospital (Prince Peter of Oldenburg) in 
Petrograd (1869) the construction of which was superintended by him 
(1867-69), also built the St. Vladimir Children’s Hospital in Moscow 
(1874-76) and became pediatrist to the Czar in 1876. He wrote the 
articles on children’s hospitals, diseases of the larynx, congenital 
abnormalities and fetal diseases of the heart in the Gerhardt Handbuch 
(1877-82), and a number of papers on thrombosis of the pulmonary 
artery in infancy (1859), congenital stenosis of the aorta (1860), joint 
inflammation in infancy (1863), croup (1885), ete. All these papers 
are valuable for new data, and the historical study of children’s 
hospitals (1877) is perhaps the best ever written. Rauchfuss practiced 
the most rigorous isolation of contagious cases in his wards, and was 
highly esteemed, both as specialist and_ scientific surgeon, in the 
Russian capital. 

Nil F’éodorovich Filatoff* (1847-1902), a native of the Penza Govern- 


* The name is usually spelled, according to German transliteration, ‘‘Filatow.”’ 
The accent is thrown upon the second syllable, 
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ment, graduated at Moscow (1869) and after a course of study at 
Vienna and Prague, under Widerhofer, Monti, and Steiner, became 
privat-docent in pediatrics in the Moscow Faculty (1876) and pro- 
fessor in 1891. At the same time, he became director of the new 
Chludoff Children’s Hospital, me , ae 
which, through his engaging | 
lectures, he made one of the 
finest pediatric clinics in the 
world. He wrote a series of 
lectures on infectious diseases in 
children (1885-87), a highly 
esteemed treatise on the semei- 
ology and diagnosis of children’s 
diseases (1890)—both frequently 
translated—and a number of 
shorter pediatric textbooks and 
lecture-courses on pediatrics. 
In his lectures on infectious 
diseases (1887, II, 113), he first 
described as “‘scarlatinal rubella” 
the anomalous exanthem which 
Dukes, in 1900, described as the 
“fourth disease” (Filatoff-Dukes we oS 
disease). He was the first pres- Fie. 19.—Nil Féodorovich Filatoff 
ident of the Moscow Pediatric (1847-1902). 
Society (1892) and was annually ; 
reélected until his death. In spite of his occasional brusquerie, he 
was universally beloved for his large, unselfish unprejudiced nature. 
Dmitri Alexandrovich Sokoloff (1861- ) has published a clinic of pleurisy 
in children (1906) and a remarkable collection of photographs of sick children 
(1914). From the laboratory of the Kaiserin Augusta Victoria Haus, Berlin, 
came important studies by Arvo Yllpo, of Helsingfors, on icterus neonatorum and 
congenital obstruction of the bile-ducts (1913). 


In France, Armand Trousseau (1801-67), of Tours, the eminent 
clinical lecturer of the Hétel Dieu, performed the first tracheotomy in 
Paris (1831), eventually averaging 25 per cent. of recoveries in 200 
cases, introduced the well-known diagnostic sign in infantile tetany, 
described laryngeal phthisis, gastric vertigo, the cutaneous and mucous 
diphtherias, recreated French therapeutics and originated thoracentesis 
in pleurisy (1843). It is said that Trousseau put phaleniioms enteritis 
on the pediatric map. His famous Clinique médicale de V Hotel Dieu 
(1861) did much for the specialty of children s diseases. se lectures 
on scarlatina, measles, rubella, mumps, diphtheria, aphthee, hati” 
mus stridulus, infantile convulsions, tetany, whooping cough, Res 
tinence of urine, cholera infantum, lactation and dentition, oo 4 ae 
the newborn and rickets make up what Is virtually a ge 8 tee ia 
pediatric treatise within the great work itself. This was the sein 
that important pediatric contributions were published as a subsidiary 
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portion of internal medicine, yet never, perhaps, under more brilliant 
auspices. 

Marie-Jules Parrot (1839-83) of Excideuil (Dordogne), a Paris 
graduate of 1857, succeeded Lorain as professor of medical history in 
the Paris Faculty (1876), which chair he subsequently exchanged for 
that of pediatrics. He described syphilitic pseudo-paralysis (Parrot’s 
disease) in the newborn (1872), and its relation to rickets, also different 
diseases of the brain in infancy (1868-75). In his Clinique of 1875, he 
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Fig. 20.—Jacques-Joseph Grancher Fig. 21.—Victor-Henri i 
(1843-1907). (Courtesy of Dr. John (1849— Brae rnees 
John S. Fulton, Baltimore, Md.) 
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introduced the concept ‘‘athrepsia,’’ a general state of malnutrition 
as the deep, underlying cause of most infantile diseases, which fias 
been latterly ridiculed by Hutinel. In 1881, Parrot, Tarnier, Fournier 
and others attempted infant nutrition (particularly in congenital 
syphilis) by direct suckling from the udders of the goat, as depicted in 
the art of antiquity and recommended by Raulin (1769). As shown by 
Marfan, the merits of the method were “possible but not probable,’’ 
te., it may bring on rickets and has otherwise no special advantage, 
Henri-Louis Roger (1809-91) of Paris, where he took his medical 
degree (1839), was physician to the Hépital Sainte-Eugénie (1860-75) 
and wrote a treatise on auscultation (with J. B. P. Barth 1850) a 
treatise on the semeiology of infantile diseases (1864), and a series of 
Recherches cliniques on chorea, rheumatism, heart disease, syphilis and 
whooping cough in children (1867-83). He described the congenital 
interventricular communication known as ‘“‘ Roger’s disease.” 
Jacques-Joseph Grancher (1843-1907), of Paris, famed for his 
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graduating dissertation on the unity of phthisis (1872), wrote much on 
pulmonary tuberculosis (1872-90), a series of papers on isolation and 
medical antisepsis in the Hépital des enfants (1889-90),* and collab- 
orated with Comby and Marfan in a massive Traité des maladies de 
Venfance, in five volumes (1897, 2d ed., 1904-5). Atthe Hépital 
des enfants malades, Grancher introduced surgical asepsis in the 
children’s wards (1889), each infectious case being ‘‘boxed”’ in a quad- 
rangular wire cage, which no one was allowed to enter except in a 
surgical gown. 

Victor-Henri Hutinel (1849- ), of Chatillon-sur-Seine, gradu- 
ated at Paris with a dissertation on disturbances of the venous 
circulation in children (1877), became professor of clinical pediatrics 
in the Paris Faculty, and succeeded 
Grancher at the Hépital des enfants 
malades. At the Hépital des enfants 
assistés, Hutinel replaced the wire 
screens (grillages) of Grancher by 
transparent glass screens with doors 
‘and the usual aseptic ritual of entry 
and egress (1894).* These isolation 
cubicles were widely imitated. 

He wrote on diseases of the intes- 
tines (1907), introduced the excellent 
Elements of Infantile Semeiology by 
Fernandes Figueira (1903) and edited 
the five-volume system of pediatrics 
entitled Les Maladies des Enfants 
(1909). He is also co-editor of the 
Archives de médecine des enfants : 
(1898-1922). Fic. 22.—Jules Comby (1853-__). 

Jules Comby (1853- 2 OF 
Pompadour (Corréze), a Paris gradu- 
ate of 1881, and chief physician to the Hopital des enfants malades, is 
the author of monographs on zona (1889), rickets (1892), mumps 
(1893), pulsatile empyema (1895) and diathetic diseases (1901) in 
children, a pediatric treatise (1892, 5th ed.,1907), a pediatric formulary 
(1894) and pocket formulary (1901), a treatise on infantile therapeutics 
(1900) and a series of pediatric consultations (1910). He is editor of 
La Médeéine Infantile (1894) and co-editor of the Archives de médecine 
des enfants (1898-1922) and the five-volume T’raité (1897) mentioned 
above. ‘ 
Gaston-Félix-Joseph Variot (1855- , ), of Demiguy _(Sdone-et 
Loire), graduated at Paris with a thesis on leucocythemia (1882), 
became physician to the Hépital des enfants malades and professor of 
infantile surgery in the Paris Faculty and is author of treatises on the 
formed elements of the blood (1886), household pediatrics (1892), 
diphtheria and serum therapy (1898) and infant hygiene (1908, 1910). 


* Grancher, Rev. d’hyg., Paris, xi (1889), p. 204; xii (1890), p. 495. 
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He translated the Goodhart pediatric treatise (1895) and edited the 
Journal de clinique et de thérapeutique infantiles (1893-94). At his 
goutte de lait at Bellevue, he did much philanthropic work. 

Bernard-Jean-Antonin Marfan (1858- ), 08 Castelnaudary 
(Aude), graduated at Paris (1887) and became chief of the clinic in the 
Hépital Necker and professeur agrégé (in the Paris Faculty 1892). 
He’is the author of works on infantile eczema (1894), typhoid fever 
(1894) and peritonitis (1894) in children, congenital infections in the 
newborn (1897), infant nutrition (1899), infantile gastro-enteritis 
(1900), diphtheria and diseases of the air-passages (1905), diseases of 
the respiratory diseases, in the Bouchard system (1892), collaborated 
with Grancher and Comby in their pediatric system of 1897, and is 
editor of Le Nourrisson (1913-22). In 1900-1902, he demonstrated 
and investigated, with Charles Gillet, the oxidizing and fat-splitting 
ferments in milk (oxydase and lipase).* : 

In Great Britian, the obstetrician Fleetwood Churchill [1808-78], of 
Nottingham, England, who graduated M.D. at Edinburgh (1831) and 
practiced in Dublin, published a large treatise on diseases of children 
(1850), which was popular and was edited in America by William V. 
Keating. 

Sir James Frederic Goodhart [1845-1916], of London, an Aberdeen 
graduate of 1873, became assistant physician (1877) and physician 
(1886-98) to Guy’s Hospital, where he did much post-mortem work 
and lectured on pathology to the medical school. He was also patho- 
logical assistant to the Museum of the Royal College of Surgeons, 
prepared the Supplementary Catalogue (1879) and assisted Sir James 
Paget in preparing the new edition of the whole catalogue (1885). In 
1885, he also published his Students’ Guide to the Diseases of Children, 
which reached its tenth edition in 1913 and was translated into French. 
In the later English editions, Goodhart was assisted by Still, while the 
American editions were edited by Louis Starr. This book, the work 
of an expert pathologist and clinician, has been highly esteemed as 
confining itself to diseases peculiar to children and not attempting to 
cover the whole of internal medicine. 

Henry Ashby (1845-1908), of Manchester, a medical graduate of 
the University of London (1878), was a forerunner of the brilliant group 
of English public health officers who have done so much, in recent 
years, for infant welfare. In 1879, he was appointed physician to the 
Manchester (Pendlebury) Hospital for Sick Children (168 beds), 
which he served for nearly thirty years. During 1880-1908, he was 
lecturer on pediatrics to Owens College and the University of Man- 
chester. He did much for popular propagandism in aid of infant 
welfare and a pure milk supply, gave important evidence before the 
Interdepartmental Committee on Physical Deterioration (1904), 
examined the feeble-minded (1900) for the Manchester Schoolboard, 
and the epileptics (1915) for a Royal Commission, and established the 
Residential School for 65 epileptic children in Swinton Park. Its 


* Marfan and Gillet, Monatsschr. f. Kinderheilk., i (1902-3), pp. 57-63. 
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success was entirely due to his efforts. He published a useful manual 
of “Notes on Physiology (1878, 8th ed., 1910), popular lectures 
on infant feeding (1878-82), Health in the Nursery (1898), and with 
George Arthur Wright, consulting surgeon to the Royal Infirmary 
Manchester, a treatise on the medical and surgical diseases of children 
(1889, 5th ed., 1905), which was signalized by Jacobi as the first in 
which a surgeon and pediatrist collaborated to produce a work of 
unusual merit. 

Sir Thomas Barlow (1845— ), consulting physician to the Hos- 
pital for Sick Children, London, and president of the Royal College of 
Physicians (1910-15), wrote the classical paper on infantile scurvy 
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Fic. 23.—Henry Ashby (1845-1908). Fic. 24.—George Frederic Still (1868—__ ) 


or ‘‘Barlow’s disease’’ (1882),* a condition which had already been 
vaguely outlined, in connection with infantile rickets, by Glisson 
(1650) and J. O. L. Médller (1856-60). Barlow has also written 
on pleurisy (1877) and rheumatism (1883) in childhood, and collabor- 
ated with Goodhart and Macnamara in the Collective Investigation 
Committee’s reports on acute rheumatism and inherited syphilis 
(1882). 

George Frederic Still (1868— ), professor of pediatrics in Kings 
College, London, and physician to the Great Ormond Street and other 
children’s hospitals, made his mark in internal medicine by his original 
description of arthritis deformans in children or “‘Still’s disease’”’ 
(1896).+ He wrote the treatise on rickets in Osler’s Modern Medicine 
(1907), edited the Goodhart treatise (1905-10) and Charles West’s 


* Barlow, Med. Chir. Tr., London, lxvi (1882-3), pp. 159-219. 
+ Still, Med.-Chir. Tr., London, Ixxx (1896-7), pp. 47-59, 3 pl. 
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ract on nursing (1908) and has published an admirable treatise on the: 
: Common saa oe te Diseases of Childhood” (1909, 2d ed., 1912). 

Sir Arthur Newsholme, late Medical Officer of the Local Govern- 
ment Board, associate editor of the Journal of Hygiene, and author 
of works of Vital Statistics (1889), the natural history and affinities 
of rheumatic fever (1895), epidemic diphtheria (1898), the causes of 
the reduction in death rate of phthisis (1906) has rendered signal 


Di aR esi lia cas mca 


Fie. 25. —Janet Lane-Claypon. Fie. 26.—Job Lewis Smith (1827-1897). 


service to preventive pediatrics through his five reports to the Local 
Government Board on infant, child and maternal mortality (1910-16), 
which have established the multiplex causation of infant mortality, its 
importance as a true index of the adult health of a community and the 
necessity of manifold devices to combat the evil. 

Janet-Elizabeth Lane-Claypon, a graduate of the London School 
of Medicine for Women, and of University College, was assistant 
Medical Inspector of the Local Government Board (1912-16), and is 
perhaps the most remarkable living physician of her sex. In 1906, 
she performed, with Starling, one of the fundamental experiments in 
endocrine doctrine, showing that section of the nerves supplying the 
mammary gland does not inhibit lactation, and that after section of 
the spinal cord in the rabbit, parturition and lactation proceed as 
ordinarily. Her report to the Lister Institute on the status of child - 
welfare in Kurope and her investigations of milk were of basic import-; 
ance. She is the author of three recent books on Milk and its Hygiene . 
(1916), The Child Welfare and Movement (1920) and The Hygiene 
of Women and Children. 
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John Thomson, of Edinburgh, translated Henoch’s Vorlesungen 
(1889), wrote the monographs on hemorrhage in the newborn in 
Allbutt’s System of Medicine (1909), a useful Guide to the Clinical 
Examination and Treatment of Sick Children (1898), which has been 
translated into Russian (1801); and papers on congenital obliteration 
of the bile-ducts (1891-92) congenital gastric spasm (1897) and 
causation on congenital stridulism (1901). 

David Forsyth, physician to the Evelina Hospital for Sick Children, 
London, is the author of ‘Children in Health and Disease,’’ a study of 
child-life (1909), lectures on medical diseases for nurses (1913), a book 
on psychoanalysis (1913) and a fascinating history of infant feeding 
from Elizabethan times (1911). 

Leonard Findlay of Glasgow (M.D., 1904) is the author of studies 
on the intestine as a pathway of infection for the tubercle bacillus 
(1913), and the etiology of rickets (1916). The lectures on Diseases 
of the Long Bones in Children (1894) by the late Thomas Pickering 
Pick (1841-1919) deserve especial mention here. . 

The best known American pediatrist of his time, with the single 
exception of Jacobi, was Job Lewis Smith* (1827-97), of Spafford, New 
York, who graduated at Yale (1849) and began the study of medicine at 
Buffalo Medical College (1850) under the preceptorship of Austin 
Flint, who made him an interne in hospital before he took his medical 
degree at the College of Physicians and Surgeons, New York (1853). 
Smith became physician to many hospitals, was clinical professor 
of pediatrics in Bellevue Hospital Medical College and practised 
uninterruptedly in New York City for nearly fifty years (1853-97). 
In 1869, he published his Treatise on the Diseases of Infancy and 
Childhood, based upon his own clinical experience and pathological 
findings, which passed through eight editions (1869-96), was trans- 
lated into Spanish, and is still esteemed as a solid, reliable work. 
During 1854-96, he made some 160 contributions to medical periodicals 
and systems. He was a man of modest nature, and gentle, unworldly 
demeanor, a friend of the unfortunate, giving up a large part of 
his time to the poor, frequently without compensation. He took up 
pediatrics only after a broad experience in general practice, and once 
resented a slurring imputation with the warm retort “Yes, perhaps a 
specialist, hut I trust something more.” The countenance of J. Lewis 
Smith, the typical family doctor of the past, is expressive of a genera- 
tion, less: metallic, less conceited, more gentle, modest, and considerate 
of others, than ourown. These old-fashioned American faces we shall 

in. 
Merete eas 1853, there came to New York one who was destined to 
exert a profounder influence upon American pediatrics than any other 
physician of the present or past. This was Abraham Jacobi 80 ee 
of Hartum, Westphalia, who graduated in medicine, with a Latin dis- 


i i i ial Notices by Ellsworth Eliot, 

* For the life of J. Lewis Smith, see the Memorial No 
Tr New York Acad. Med. (1896-1901), pp. 220-231, and John Strady, Tr. ja 
York State Med. Assoc., N. Y., xiv (1897), pp. 524-538 (with bibliography). 
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sertation at Bonn (1851) and during the next two years was held in de- 
tention in German fortresses at Cologne and Minden for revolutionary 
activities and “‘lése majesté.” Escaping to England, he eventually 
reached Boston and commenced practice at 20 Howard Street, New 
York. One year after, he invented a mirror laryngoscope of his own, 
which, unfortunately, he did not 
either patent or make public before 
the announcement of Manuel 
Garcia’s invention (1855); but by 
1857, he was lecturing on pediatrics 
in the College of Physicians and 
Surgeons of New York, and thus, 
as Adams says, “‘ pressed the button 
which set the pediatric clinic in 
motion.” Three years later, he 
was appointed to the first special 
chair of diseases of children in the 
New York Medical College (1860— 
64). In 1865, he accepted the 
same ‘clinical’ chair inthe Medical 
Department of the University. of 
New York, and in 1870, he became 
clinical professor of pediatrics in 
the Medical Department of Col- 
umbia College (1870-99). All in 
all, he taught pediatrics in New 
York for nearly half a century (1857-99). With the exception of 
J. Lewis Smith, he was the only American practitioner who cultivated 
pediatrics at this time. With the foundation of the new pediatric 
chair in 1860, the faculty of New York Medical College established a 
pediatric clinic, with extensive bedside instruction (1862-64). Thus 
bedside teaching in this country was first associated with pediatric 
teaching,* even before internal medicine. In 1858, Jacobi published 
his first paper on colonic intussusception in infancy, which was followed 
by a paper on infantile rickets (on premature closure of the fontanelles 
and cranial sutures) and a volume of ‘Contributions to Midwifery 
and Diseases of Women and Children’? (1859) by Jacobi and Emil 
Noeggerath. This was followed by his initial course of lectures on 
Diseases of the Larynx (1859). He wrote much on diphtheria during 
1860-80, and published, in succession, books on Dentition and its 


* “Tf ever you will recall for yourself and your friends the first, the very first 
beginning of medical bedside instruction in America, please tell them of the small 
college on East 13th Street—I believe 118—which had to close its doors in 1864, 
a victim of the Civil War, which deprived us of all of our Southern students. 
That is part of your American medical history worth remembering. I was per- 
mitted to be quite active in this successful enterprise, and utilized my opportuni- 
ties in preferring my pets, the young patients. My later experience will teach 
you that successive bedside teaching was almost exclusively pediatric. Thus 


pediatry was the example of giving correct medical instruction. Jacobi, Arch. 
Pediat., New York, xxxiv (1917), p. 10. 


Fic. 27.—Abraham Jacobi (1830-1919). 
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Derangements (1862), Infant Diet (1872, 1874,* 1878), Diphtheriat 
(1876, 3d ed., 1903), the Intestinal Diseases of Infancy and Childhood 
(1887), Diseases of the Thymus Gland (1889), Therapeutics of Infancy 
and Childhood (1896, 2d ed., 1903) and aseries of clinical lectures (steno- 
graphed, 1893). With Emil Noeggerath, he was the founder and 
editor of the American Journal of Obstetrics (1868-7 1). To the Ger- 
hardt Handbuch, he contributed monographs on the care and hygiene 
of children (1876, 2d ed., 1882), diphtheria (1877), and dysentery 
(1877). The first of these, written with force, fire and a vast amount 
of fine sarcasm, is of unusual historical and practical value, by reason 
of its accurate bibliographies (four years before the appearance of the 
Index Catalogue), its lively arraignment of the various artificial f oods, its 
wholesale denunciation of existing shams and abuses, and its rare 
common sense. The treatise on infantile therapeutics (1896) is, in 
effect, a treatise on pediatrics, summarizing the author’s views and 
revealing his wide knowledge of the literature. Jacobi’s teaching 
in regard to infant nutrition is simple: mother’s milk first and fore- 
most, raw unpasteurized cow’s milk never, but corrected by cereal 
decoctions and salt; the use of cane sugar in place of milk sugar, 
which is different in human and cow’s milk and frequently adulterated. 
A high percentage of fat is adjudged harmful, and a monotonous diet is 
especially to be avoided, as leading to scurvy, rickets and other defi- 
ciency diseases. One by one, the practical bedside physician and the 
laboratory specialist alike have come around to the substance of these 
views. 

During sixty years of active practice, Jacobi had written a vast number of 
clinical papers, essays and public discourses, which are remarkable for the subtle 
wisdom of long experience, wide learning which is never obtruded, and delicate 
humor. These have been published as Collectanea Jacobi in eight volumes 
(1909), t five of which are devoted to pediatrics. Among the more important papers 
are those on laryngeal catarrh (1859) and laryngismus stridulus (1869), craniotabes 
(1871), masturbation and hysteria in infants (1875), rickets (1885), acute catarrhal 
and pseudo-membranous laryngitis (1885), stomatitis neurotica chronica (1894), 
the muscles of rachitic infants (1894), nephritis of the newborn (1896), milk sugar 
in infant feeding (1901) and the memorable discourse “Non nocere”’ (1894). To 
the history of pediatrics, Jacobi has contributed several important papers, notably 
his history of American pediatrics before 1800 (1902), his St. Louis address (1904), 
pediatrics in the United States (Baginsky-Festschrift, 1913), the history of cerebro- 
spinal meningitis in America (1905) and the history of pediatrics in New York, 
City (1917); to the history of medicine, his memorial notices of Ernst Kracko- 
wizer (1875), Virchow (1881-1901), Austin Flint (1886), Carl Gerhardt (1902), 
valuable histories of nursing (1883), therapeutics (1905), medical libraries (1906), 
American medicine (1900), German medical teaching (1901) and his letters on 
the condition of American medicine (1909). 

The later writings of Jacobi are characterized by a vein of irony of 
the most delicate and elusive type. There is often a quaint surprise in 
every sentence. The mirthful goddess, quam Jocus circumvolat, is 
seldom absent from his pages, and this omnipresent sense of humor has 

* Revised, enlarged and adapted to popular use by Mary Putnam Jacobi. 

+ Translated into Italian by Vincenzo Meyer, Naples (1884). 

t Edited by William J? Robinson, New York (1909). 
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endeared him particularly to Americans. A banquet, with presenta- 
tion of a loving-cup and the publication of a Festschrift, was held, in 
honor of his seventieth birthday, on May 6, 1900. As our first teacher 
and professor of pediatrics, as the founder of bedside instruction in 
this country, as the founder of the pediatric sections of the American 
Medical Association and the New York Academy of Medicine, as 
the first president of the American Pediatric Society, he became 
through years of dignified labor and distinguished honor, the 
leader and the Nestor of his profession in the United States. He could 
have had Henoch’s chair when Henoch died, but declined it to 
remain, in his own phrase, ‘‘a bridge between European and American 
pediatrics.” A valued friend of Billings, it was Jacobi who secured the 
Congressional appropriations for printing the Index Catalogue. In 
advanced age, he remained ever true to the ideals of his fiery youth. 
Not a line in his writings that does not reveal the man who values the 
truth above all things, who cares more for the truth than for him- 
self; not a public utterance but is informed with the highest type of 
civic and moral courage. And it was under the guidance of a man of 
this inherent noblesse of mind and character that American pediatrics 
has prospered to its present fair estate. 

Intubation of the larynx became a permanent rational procedure in 
pediatrics through the labors of Joseph O’Dwyer (1841-98), of Cleve- 
land, Ohio, who came to New York in 1864, graduated in medicine at 
the College of Physicians and Surgeons (1866), served as interne in the 
Charity Hospital, began practice in 1868, became connected with the 
New York Foundling Asylum (1873), the Willard Parker, St. Vincent’s 
and the Foundling Hospitals, and was president of the American 
Pediatric Society (1880). In 1880, he began to think about the possi- 
bilities of intubation, which had been neglected after the rebuffs 
encountered by Bouchut’s idea of tubage (1858). In 1885, he began 
publishing reports of intubation in croup and chronic laryngeal 
stenosis, and by 1887, his claims, based upon records of hundreds of 
well authenticated cases, were recognized by the Medical Society of 
New York (State) and the New York Academy of Medicine (Jacobi 
presiding). Prior to this time, tracheotomy had been the procedure in 
laryngeal obstruction, in the practice of Ernst Krackowizer, Jacobi, 
Roth, Voss and others. During 1860-87, Jacobi performed tracheot- 
omy over 700 times and assisted in more than 2000 cases. ‘After 
1887,” he says,’ “I rarely, ever operated, and my friends stopped 
tracheotomy when O’Dwyer taught us all intubation.’’* O’Dwyer’s 
work was taken up with enthusiasm by Hutinel (Paris), Bokai (Buda- 
pest), Concetti (Rome) and Rauchfuss (Petrograd). He himself taught 
intubation with success in the New York schools. His obstetric prac- 
tice was large, covering over 3000 confinements, but the death of his 
wife and other worries connected with over-work, insomnia from night- 


* Jacobi, Arch. Pediat., New York, xxxiv (1917), pp. 5-6. For a full history of 


a work, see W. P. Northrup, Med. Ree., New York, lxv (1904), pp. 


THE NINETEENTH CENTURY 109 


calls, and captious criticisms of his invention, finally broke down his 
health, and he died from thrombosis of the cerebellar arteries with 
secondary meningitis on January 7, 1898. His temperament was of 
the retiring, diffident kind which endures great internal suffering from 
senseless criticism and blundering opposition. “‘ Whenever the records 
of diphtheria will be written up,” says Jacobi, ‘‘there will be four 
names at the head of those who deserve the places of honor, Breton- 
neau, Trousseau, Behring and O’Dwyer.’’* 

Another pioneer in pediatrics as a specialty, detached from internal 


Fic. 28.—Joseph P. O’ Dwyer Fig. 29.—William Perry 
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medicine, is William Perry Northrup (1851-— ), of Peterboro, N. Y., 
who graduated M.D. at the College of Physicians and Surgeons, New 
York, 1878, and became professor of pediatrics in University and 
Bellevue Hospital Medical College (1896). He performed the largest 
number of infantile autopsies in his period. He edited the American 
edition of Ashby and Wright (1893) and has written on emphysema 
and pulmonary abscess after whooping cough (1883), pneumonia 
(1889-97), sclerema (1890), infantile scurvy (1890-95) and on the open 
air treatment of pneumonia by means of roof wards and roof gardens 
over private houses, of which he has been a prominent advocate. 

Samuel Shugert Adams (1853- ), of Washington, D. C., 
graduated in medicine at the University of Georgetown ( 1879), where 
he has been a professor of medicine and pediatrics since 1898. He has 
been a prominent pioneer in his specialty and is the leading pediatrician 
in the national capital. He has written on strabismus convergens after 
diphtheria (1884), sudden death in diphtheria (1884), dentition (1889), 
typhoid in infancy (1895), temporary insanity following typhoid 

* Jacobi, Pediatrics, New York & London, v (1898), p. 96, 147. 
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(1896), and other subjects. His presidential address before the 
American Pediatric Society (1897), of which he was secretary for 25 
years (1891-1916), is a breezy and discriminating review of American 
pediatric literature between 1789 and 1897, a most valuable and 
readable historical summary. 

John M. Keating (1852-93), of Philadelphia, a graduate of the 
University of Pennsylvania (1873), and practitioner of pediatrics and 
gynecology, was the author of ‘‘A Mother’s Guide” (1881), Diseases of 
the Heart and Circulation in Infancy and Adolescence (with W. A. 
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Edwards, 1888), Mother and Child (with E. P. Davis, 1893), and in 
1890-91 published a Cyclopedia of the Diseases of Children by many 
authors, which was the earliest codperative American work of the kind, 
and did much to stimulate interest in this specialty. 

Louis Starr (1849- ), of Philadelphia, a graduate of the Univer- 
sity of Pennsylvania (1871), where he became clinical professor of 
pediatrics (1884-90), is the author of works on the digestive disorders, 
of infancy and childhood (1886, 3d ed., 1901), the Hygiene of the 
Nursery (1888, 8th ed., 1913), Diets for Infants and Children (1896), 
edited the American editions of Goodhart’s treatise (1885, 1889), and 
in 1895, edited an American Text-book of the Diseases of Children by 
various authors (2d ed., 1899). He has also edited the department of 
diseases of children in the American Year-book of Medicine and 
Surgery. 

John Price Crozer Griffith (1856— ), of Philadelphia, a graduate 
of the University of Pennsylvania (1881) where he has been clinical 
professor (1891) and professor (1913) of pediatrics, is the author of The 
Care of the Baby (1895, 6th ed., 1915), a treatise on Diseases of Infants 
and Children (2 v., 1919) and a large number of contributions on clinical 
pediatrics. 


THE NINETEENTH CENTURY el 


Benjamin Knox Rachford (1857- ), of Alexandria, K cy 
graduate of the Medical College of Ohio, Gindinnst (1882) ie iM is 
now professor of pediatrics (1901), is the author of a trestine on the 
Neurotic Disorders of Childhood (1905), a treatise on Diseases of 
Children (1912) and a number of minor contributions. 

Henry Koplik (1858- ), of New York, a graduate of the College 
of Physicians and Surgeons (1881), and attending pediatrist to Mount 
Sinai and other hospitals, discovered the spots diagnostic of measles 


Fie. ‘peat ag Rachford Fre. 33.—Henry Koplik. 
(1898), established the first milk depot in the United States and is the 
author of a treatise on the Diseases of Infancy and Childhood (1902, 
3d ed., 1912) and numerous clinical papers. 

Bernard Sachs (1858— ), of Baltimore, Md., a graduate of 
Harvard (1878) and Strassburg (1882), neurologist to Bellevue and 
Mount Sinai Hospitals, described amaurotic family idiocy (1887-96), 
the ocular appearances of which had been noted by Warren Tay in 
1880 (Tay-Sachs disease) and is the author of the first American treat- 
ise on the nervous diseases of children (1895). 

Rowland Godfrey Freeman (1859-— ), of New York, a graduate 
of the College of Physicians and Surgeons (1886) and professor of 
pediatrics in the University and Bellevue Hospital Medical School, has 
written much on the sterilization of milk (1892-96) and clinical subjects, 
and a pediatric treatise (1917). 

Charles Gilmore Keriey (1863-— ), of Red Hook, N. Y., a gradu- 
ate of University Medical College of New York (1888), lecturer on 
Diseases of Children (1897-1903) and professor (1903) at the New 
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York Polyclinic Medical School, is the author of Short Talks with 
Young Mothers (1902), a practical and helpful book on the Treatment of 
Diseases of Children (1907) and a Practice of Pediatrics (1914). 

Linneus Edford LaFetra (1868- ) of New York, associate in 
pediatrics in Columbia University and chief of the pediatric depart- 
ment of Bellevue Hospital assisted Henry L. K. Shaw (1873- ) 
in editing the sumptuous translation of Pfaundler and Schlossmann’s 
Diseases of Children (1908, 1912), and has made numerous contribu- 
_tions_to clinical pediatrics. 


Hermann Bernard Sheffield (1871-— ), of New York, is the author of a 
pediatric treatise (1911), 3d ed., 1916), the Baby’s Record of Health (1913), 
the Backward Baby (1915) and trans- 
lated E. Graetzer’s Practical Pediatrics 
(1905). Other American text books have 
been written by John Madison Tay- 
lor (1855-_ ) and William H. Wells, 
of Philadelphia (1898, Italian transla- 
tion, 1903) and Charles Hunter Dunn - 
(1875- ), of Boston (1917). 


In Canada, Alexander Blackader 
(1847- ), professor of pharma- 
cology, therapeutics and pediatrics 
in McGill University, Montreal, 
has made several contributions to 
clinical pediatrics. 


Apart from the pediatric treatises 
already recorded, we may mention those 
of Eustache Smith (1868), E. Ellis 
(1869), C. H. Goodwin (1883), Angel 

Fic. 34.—Linneus Edford La Money (1884), James Carmichael (1892) 

Fetra (1868- iy and George M. Tuttle (1899) in England; 

Jules Beclard (1852), Joachim Giraldés 

; (1869), D’Espine and Pacot (1877), C. L. 

Cadet de Gassicourt (1880-84) and Pierre Nobécourt (1907) in France; G. A. 

Braun (1862), A. Stdssel (1875), A. von Hiittenbrenner (1876), E. Graetzer (1891) 

in Germany ; Andrea Pasquali (1873-6), and E. Copasso (1892) in Italy; Francisco 

Criado y Aguilar (1884) in Spain; I. V. Troitzy (1892-3) in Russia; and 8S. Miwa 
(1915) in Japan. 

Of original descriptions of disease, may be mentioned those of bronchitis 
by Charles Badham (1808) appendicitis by James Parkinson (1812) and Louyer- 
Villermay (1824), laryngismus stridulus by John Clarke (1815), achondroplasia 
by M. H. Romberg (1817), hay fever by John Bostock (1819), asthma thymicum 
and thymus death by Kopp (1830), A. Friedleben (1858) and A. Paltauf (1889), 
osteopsathyrosis by J. Lobstein (1833), exophthalmic goitre by C. A. Basedow 
(1840), pituitary obesity by B. Mohr (1840), acute fatty degeneration in the new- 
born by Ludwig von Buhl (1861-64), adenoid vegetations by Hans Wilhelm Meyer 
(1868), syphilitic pseudo-paralysis of infants by M. J. Parrot (1872),infantilepurpura 
by K, Henoch (1872), “fat-diarrhea’”’ by Demme (1874-77) and Biedert (1879), mas- 
toiditis by F. Bezold (1877), cyanotic hemoglobinuric jaundice by Franz von Winckel 
(1879), splenic anemia by G. Banti (1882), infantile scurvy by Sir Thomas Barlow 
(1882), periodic vomiting by Samuel Gee (1882) and Ernst von Leyden (1882), 
megacolon by H. Hirschsprung (1887), pseudo-rachitic osteoporosis by S. Miwa 
and Stoeltzner (1898), fourth disease by N. F. Filatoff (1887) and C. Dukes (1900). 

Of the many diagnostic and therapeutic devices now employed in pediatrics, 
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it is only necessary to mention Laennec’s stethoscope (1819), thoracentesis, per- 
fected by Trousseau (1843), H. I. Bowditch (1852), Dieulafoy (1869-72) and — 
Estlander (1879), ether anesthesia (1846-47), Helmholtz’s ophthalmoscope (1851), 
Manuel Garcia’s laryngoscope (1855), the methods of treating asphyxia neona- 
torum of H. A. Pagenstecher (insufflation, 1856) and B. S. Schultze (swinging, 
1871), the hypodermic syringe of C. G. Pravaz (1851-53), the developments in 
surgery of the mastoid and middle ear by Schwartze and Eysel (1873), Zaufal 
(1884), Kiister (1889) and Stacke (1890-97), Koch’s tubercle bacillus (1881) and 
tuberculin (1890), Ehrlich’s diazo-reaction for acetone (1882), diphtheria antitoxin 
(Roux and von Behring 1890-93), the Réntgen rays (1893), H. Quincke’s lumbar 
puncture (1895) and Gaertner’s tonometer (1899). 

Of treatises on nervous diseases in children, perhaps the earliest was L. W. 
Mauthner’s Diseases of the Brain and the Spinal Cord (1844). A number of 
monographs on special subjects preceded and followed this, but apart from the 
Lumelian lectures of Charles West. (1871), perhaps the earliest systematic treatises 
of importance were those of C. Pavone (Milan, 1892), B. Sachs (1895), B. K. Rach- 
ford (1905), M. Thiemich and J. Zappert (1910) and G. Peritz (1912). 

Of original descriptions of nervous diseases, those of cerebro-spinal meningitis 
by Gaspard Vieusseux (1805), tetany by John Clarke (1815), 8. L. Steinheim 
(1830), and J. B. K. Dance (1832), softening of the brain by Rostan (1820), 
poliomyelitis by M. Underwood (1786), John Badham (1835), Jacob Heine (1840) 
and Duchenne of Boulogne (1865), with the subsequent work of O. Medin (1890), 
Simon Flexner (1910-16), Peabody, Draper, Dochez and the report of the Swedish 
Medical Institute (1912), the various forms of progressive muscular atrophy by 
Duchenne and Aran (1847-68), Charcot and Joffry (1869), Charcot and Marie . 
(1886), Erb (1884-91), Guido Werdnig (1890-94) and Johann Hoffmann (1894), 
congenital spastic paraplegia by William John Little (1861), hereditary ataxia by 
Nikolaus Friedreich (1863-76), amaurotic family idiocy by Bernard Sachs (1887), 
hereditary cerebellar ataxia by Pierre Marie (1893), progressive interstitial hyper- 
trophic neuritis by Jules Déjerine and Jules Sottas (1893) called erythema 
infectiosum by Salomon Stricker (1899) and amyotonia congenita by Hermann 
Opepnheim (1900) may be noted. 

Among the many writings on infantile psychology are a history of the develop- 
ment of the infant mind and morale up to the fourth month by R. B. (Jour. Nat. 
Philos., 1806), the investigations of J. E. Lobisch (1851), and Adolf Kussmaul 
on the psychic life of the newborn child (1859), Ritter von Rittershain’s Gezstes- 
leben (1871), Charles Darwin’s Biography of an Infant (1877), Wilhelm Preyer’s 
Die Seele des Kindes (1882, 8th ed., 1912), the books of J. W. Ballantyne (1890), 
Millicent W. Shinn (1893-1907), Biography of a Baby (1900), J. Mark Baldwin 
(1896), Kathleen C. Moore (1896), Maurice de Fleury (1899), Clifford G. Grulee 
(1915), Karl Groos on games (1899) and the psychic life of the child (1903), 
Albert Moll on the sexual life of the child (1899), the essays of Sigmund Freud on 
the same theme, and the studies of G. Stanley Hall (1880-1914). 

The earlier writers on the education of children were Oribasius, Hrasmus 
(1516, 1529) and John Locke. 

Other works relating to the subject of child-study are the anthropometric 
investigations of H. P. Bowditch (1879-91), W. T. Porter (1892-3), Francis 
Warner (1888-1917), Arthur MacDonald (1899), Franz Boas and others, H. Ploss’s 
Das Kind (1877), Timothy Dwight’s Frozen Sections of a Child (1881), C. H. 
Stratz’s album “ Die Kérper das Kindes” (1903), the books of A. F. Chamberlain 
(1896, 1900) W. M. Feldman on the Jewish Child (1917) and on ante-natal and 
post-natal child physiology (1920), Oscar Chrisman’s The Historical Child (1920) 
and the literature of pedagogics. f : ; : 

Of treatises on infantile surgery and the surgical diseases of childhood, aside 
from two small publications on surgical diseases of the newborn by C. J. Oehme 
(1773) and F. Zehler (1830), the earliest of importanze was that of John Cooper 
Forster (1860) of Guy’s Hospital, which was followed by those of P. Guersant 
(1864-7), Timothy Holmes (1868), Joachim Giraldés (1869), Cesare Fumagalli 
(1875), L. A. de Saint-Germain (1884), Edmund Owen (1885), José Ribeira y 
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Ferdinand Karewski (1894), D’Arcy Power (1895), Piechaud and 


(1900), Sebastian Recasens y Girol (1901), Auguste Broca (1902, 1911, 


D. G. Gorokoff (1910), William F. Campbell and 


L. Kerr (1912) and Louis Ombrédanne (1912). The work of Harvey Cushing 


(1905) and others on intracranial surg 

The history of infantile orthope 
pedies itself. 
use of redressement forcé (Calot, 1896) by 


ery in the newborn deserves mention here. 
dics is co-existent with the history of ortho- 
The earlier landmarks are the treatise rept apd pov of Hippocrates, the 


Hippocrates and Avicenna, the Children’s 


Book of Felix Wiirtz (1598), the treatise of J. C. G. Jérg (1816), the writings of 
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Underwood, Charles Badham, Rilliet 
and Barthez on poliomyelitis, the work 
of Jean-André Venel at Orbe (1780-91), 
of the elder Graefe, Dieffenbach, Stro- 
meyer and Gustav Simon in plastic 
surgery and the work of the Heine family. 
The founder of this famous group of 
surgical mechanicians and orthopedists 
was Johann Georg Heine (1770-1838), 
of Lauterbach (Wiirttemberg), who be- 
came surgical instrument maker and 
bandagist to the University of Wurtz- 
burg in 1802. Being in friendly touch 
with the elder Langenbeck and other 
prominent German surgeons of his time, 
he soon learned the essentials of anatomy 
and the mechanical side of surgery, in- 
vented many important appliances, 
published several extensive catalogues 
of his business output, erected the Caro- 
line Institute of Orthopedics (1816) and 
became orthopedist and assessor to the 
Medical Faculty of the University. His 
son Joseph von Heine (1803-77), became 
a well-known physician, and his nephew 
Bernhard Heine (1800-46), continued 
the business, invented the osteotome 
(1830), did experimental surgery on dogs, 
for which he won two Monthyon prizes 


(1835, 1838), and became professor of experimental physiology in the Wurtz- 


burg High School. 


The other nephew, Jacob von Heine (1880-79), of 


Lauterbach, graduated in medicine at Wurtzburg (1829), founded on orthopedic 
institute at Canstatt (1829), where he made a great reputation, particularly by his 
classic monograph on infantile paralysis or poliomyelitis (1840, 2d ed., 1860), 
illustrated with interesting plates, and that on spontaneous and congenital dis- 


locations (1842). 
poliomyelitis. 


It was Heine’s monograph which first drew modern attention to 
He died, covered with honors, on November 12, 1879. In the later 


period, Louis Albert Sayre (1820-1900), of New Jersey, introduced jacket suspen- 
sion in Pott’s disease (1877); Albert Hoffa (1859-1907), at Wurtzburg, introduced 
a well-known operation for congenital dislocations of the hip joint (1890), and 


Adolf Lorenz (1854— 


), of Vienna, professor of surgery in the University, made 


a great reputation in Europe and America by his bloodless method of reducing 

congenital dislocations of the hip-joint by forcible manipulation (1895). The 

work of Robert Jones in Liverpool, of Royal Whitman in New York, of Abbott, 

Bradford, Lovett, Osgood, Codman, Goldthwait and the other orthopedists of the . 
New England school belongs to recent surgery. 


School Hygiene and Pedagogics.—In the eighteenth century, some 
attention was paid to the untoward effect of close mental work and 
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sedentary occupations upon the health of the individual. At the 
beginning of the century, Ramazzini published his treatise on occupa- 
tional diseases (1700), and later Tissot (1769), Ackermann (1771) and 
others wrote on the hygiene of literary men. In 1777-88, Johan Peter 
Frank published the first systematic treatise on public hygiene, in four 
volumes. The chapter on school hygiene shows the influence of 
Rousseau. With the single exception of school-lunches, every physical 
need of the school-going child is considered, and the sentences upon the 
correct adjustment of light, the effect of the height of benches and the 
slant of desks upon the eyes and the spine of the pupils, are entirely 
modern in spirit. After the time of Frank, there is long silence in the 
records, until, in 1833,* Dr. Edward Reynolds, of Massachusetts, filed — 
a brief for a better understanding of the hygiene of young students by 
parents and teachers, in particular, the effects of crowded rooms, over- 
study at the expense of sleep, unhygienic posture and improper diet. 
Three years later, C. J. Lorinser published an essay on “‘ The Protection 
of Health in Schools” (1836),f which deals almost entirely with the 
crowded courses and the consequent overtaxing of students in the gym- 
nasia, but emphasizes the danger of tuberculosis. This essay excited 
great interest, was reprinted in 1861, and was the starting point of the 
German propagandism. In 1842, gymnastic instruction became 
obligatory in Prussia. In 1862, Max von Pettenkofer published his 
investigations of the faulty ventilation of schoolrooms and its effects 
upon the pupils. Sir Henry Acland published a report on the sanitary 
conditions of the Cowley Industrial School in 1863. In 1865 appeared 
the papers of Fahrnert and Parow§$ upon the bad effects of faultily 
constructed school-desks. Fahrner’s work soon attracted the atten- 
tion of Hermann Cohn, who was, in a very real sense, the founder of 
hygienic inspection of school-children. 

Hermann Ludwig Cohn (1838-1906), of Breslau, studied physics 
and chemistry under Bunsen, Kirchhoff and Helmholtz, taking his 
doctor’s degree in philosophy at Breslau (1860) and in medicine at 
Berlin (1863), where he was a pupil of Graefe. In 1866, he began to 
practice ophthalmology at Breslau, where he opened a private eye- 
clinic, and eventually became professor extraordinarius in the Univer- 
sity (1873). His practice gave him an experience of some 20,000 
refraction cases. In 1866, he published an investigation of myopia 
from defective lighting and faulty benches in 7658 school-children. 
In the following year came his famous monograph on the examination 
of the eyes of 10,060 school-children for visual defects from unhygienic 
conditions (1867). He found but little myopia in the village schools, 
five times as many myopes in the elementary schools of cities, 15 times 


* Reynolds, On the Importance of a Knowledge of the Principles of Physiology 


to: P: t d Teachers, Boston (1833). . 
3 i rinces, Zum Schutz der Gesundheit in den Schulen, Med. Ztg. Berlin, 1, 
1836 . 1-4, ae 
a eae “Das Kind und der Schultisch.”’ Ziirich (1865). ' 4 

§ Parow, Ueber die Nothwendigkeit einer Reform der Schultische, Berlin 
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as many in the Realschule and 20 times as many in the gymnasia. In 
this field, Cohn had been preceded by James Ware, who. in 1812, 
examined the eyes of 1300 boy cadets in the Military School at Chelsea 
(England), by a government investigation of myopia In the school- 
children of the Grand-Duchy of Baden (circa 1840), by Szokalki’s 
investigations of school-children in Paris (1848), by Jager in Vienna 
(1861) and by Riite in Leipzig (1865). Although Cohn drew from 
his figures the erroneous conclusion that the degree of visual defect 
is a mathematical function of the number of years of school-life, instead 
of the individual age as affected by heredity (Fulton)* and although 
_ the preponderance of male myopes in his statistics is easily explained, 
the real importance of his research lies in his insistence upon the effect 
of bad lighting, faulty desks and benches, and poorly printed books 
upon the engorgement of the eye with blood through bending and the 
increased intraocular pressure and extension of the eye in the vertical 
plane through reading at close range. This memoir was epochal as 
awakening the medical public, and as being the starting point of the 
innumerable school-inspections of various kinds which have since been 
made. It led to the foundation of the Society for the Prevention of 
Blindness (1880), which offered a prize of £80 for the best book on the 
subject (1882), won by Ernst Fuchs (1885). 

Cohn meanwhile continued his propagandism along the broadest lines. In 
1867-73 he took up the hygiene of schoolhouses, desks and benches, in 1878 the 
investigation of color-blindness, in 1880 the printing in schoolbooks, in 1882-98 
the problem of medical inspection of school-children, in 1883-1902 the lighting of 
schoolrooms, as tested by the Weber photometer, in 1894 the color of window 
curtains; in 1896, he made a collective investigation of infantile conjunctivitis in 
the Germanic countries, and in 1903-4 he introduced regular inspection of the eyes 
of school children. In 1894, he published his paper on masturbation in children 
and in 1904, his brief for sexual instruction of the child. His monograph on the 
hygiene of the eye in school children (1883) became a Lehrbuch in 1892. Perhaps 
the culmination of his work was his examination of the vision of 50,000 Breslau 
school children (1899), in which it was shown that 85 per cent. had supernormal 
vision but with a continual increase in visual defect as they mounted from class to 
class. In this examination, Cohn used his own hook-shaped test-types, instead of 


letters, which were more readily guessed by the pupils. He lived to see the first 
Congress of School Hygiene (Nuremberg, 1904). 


Cohn was a man of jovial, good-natured appearance, a true philan- 
thropist who cheerfully taught all his life as an unpaid extraordinarius, 
and spent 50,000 marks upon the upkeep of his private clinic, at which 
58,481 patients were treated (1866-94), of whom 39,362 (67 per cent.) 
were charity cases. 

In 1869, Rudolf Virchow published his well-known report on school- 
hygiene,{ which supported Cohn in his views about myopia and dealt 

*T am indebted to Dr. John S. Fulton, Secretary of the State Board of Health 
of Maryland, for this information. 


} For a spirited account of Cohn’s life and work, with a full bibliography of his 


writings, see F. Erismann, Ztschr. f. Schulgsndhtspfig., Hamburg & Leipzi ix 
(1906), pp. 829-880. . toe 


{ R. Virchow, Ueber gewisse die Gesundheit benachtheiligende Einfliisse der 
Schulen,” Berlin (1869), 
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successively with the effects of cerebral congestion (headache, epis- 
taxis, school children’s goitre), spinal curvature, phthisis, digestive 
and sexual disorders, contagious diseases, wounds and injuries, ventila- 
tion, lighting, posture, exercise, mental overwork, corporal punishment, 
drinking water, etc. 

Sir Edwin Chadwick wrote “On Schools as Centres of Children’s 
Epidemics” (1871), and the “Sanitary Principles of School Construc- 
tion” (1871). Baginsky published his Handbook of School Hygiene 
in 1879. After this time, the subject became dla mode. At the fourth 
International Congress of Hygiene (Geneva, 1882), the question of 
medical inspection of schools and school-children by trained physicians 
(Schularztfrage) was introduced and was much debated through the 
next twenty years. In course of time, medical as well as special 
inspection of the eyes, ears, nose, throat and teeth became established, 
anthropometric and psychophysical measurements were made, and 
the hygiene of the model school-house, its furniture, lighting and 
appointments, was carefully studied. School-lunches, for children, 
inaugurated by Count Rumford at Munich (1792), revived in the 
military Caisse d’écoles at Paris (1849) and by Victor Hugo at Guernsey 
(1866), were established by law in France as cantines scolaires (1882); 
while in Germany, the movement, started at Munich in 1876, had 
extended to half the cities in the empire by 1909. School-lunches were 
introduced in England in 1902 and in New York City on November 23, 
1898. Dental clinics were started at Strassburg and Darmstadt in 
1902. In, 1915, there were 120in Germany. A Congress of School Hyg- 
iene and Physiological Pedagogics was held at Paris on November 1-2, ~ 
1903. The first International Congress of School Hygiene was held at. 
Nuremberg on April 4-9, 1904, the second at London, 1907. As part 
of school hygiene, the subject of mentally deficient or ‘‘unusual”’ 
children soon began to loom large. Feeble-minded and half-witted 
children were roughly handled in the past. At Dessau, Martin Luther 
opined that an idiot child was possessed by the devil and thought 
drowning none too good forit. In 1801-7, J. E. M. Itard published his 

‘reports on the wild boy of the forest of Aveyron (le sauvage de l’ Aveyron) 
which was reprinted by Bourneville in 1894. Goggenmos founded a 
training school for cretins at Salzburg, which died out in 1835. Some- 
time after, J. Guggenbuhl (1816-63) founded a similar institution upon 
the Abendberg, near Interlaken, based upon the idea that the sunshine 
of the Alpine heights was good for cretins. a 

Numerous reports were published, but an unfavorable investigation 
by the Swiss government (1888) closed Guggenbihl s institution and he 
died in obscurity. In 1837, Edouard Seguin (1812-80), of Clamecy 
(Niévre), a pupil of Itard, began to treat an idiot boy of Paris ie 
published his results in 1839. In the meantime, G.-M.-A, Hare g 
Felix Voisin had started schools for idiots at Bicétre, to whic Man 
1842, Seguin was appointed to carry out his method. This method 
is set forth in Seguin’s publications on the education of inlaig 
(1843), on graded images for the use of backward children (1843) and 
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his treatise on the moral treatment, hygiene and education of idiots — 
(1846). In consequence of the revolution of 1848, Seguin emigrated 
to the United States, where he wrote the pioneer treatises on clinical 
thermometry (1871-76) and continued his pedagogic work on idiocy, in 
which he was a forerunner of Maria Montessori. Her lectures on the 
education of backward children led to the foundation of the Scuola 
ortofrenica at Rome, of which she was directress (1898-1900). Her 
method is set forth in her Anthropologia pedagogica (1911). The 
education of the blind deaf-mute Laura Bridgman (1829-89) by 
Samuel G. Howe (1801-76), of Boston, was another triumph in peda- 
gogics. The account of Laura Bridgman (1879) by Granville Stanley 
Hall (1846— ), was the starting point of his pioneer work in child- 
study. The series of graded tests for mental retardation, introduced 
by Alfred Binet (1857-1911) and Theodore Simon in 1905-8, are pow 
extensively used in school inspection and elsewhere to segregate 
defective children and adults. Stanley Hall’s Adolescence (1904) and 
Aspects of Child-life and Education (1907), E. Claparéde’s Child 
Psychology (1909), Pastor K. H. G. Witte’s Education of Karl Witte 
(1914), George W. Jacoby’s Child Training (1914) Dr. Helen Mac- 
Murchy on the Organization and Management of Auxiliary Classes 
(Toronto, 1915) and Lewis M. Terman on the Intelligence of School 
Children (1919) may be mentioned. For the huge literature of child 
study and pedagogics, the reader must be referred to the biblio- 
graphies of Stanley Hall (1886), Arthur MacDonald (1899), W. H. 
Burnham (1914), J. T. MacManis (1916) and others. 

Children’s Hospitals—The early history of children’s hospitals 
goes back to the transition from the private, personal, egotistical 
charity of the Romans (enslavement of foundlings) to corporate charity 
under the influence of Christianity. This became dynastic under 
Constantine the Great (322 A.D.), patriarchal and clerical under 
Justinian (533), institutional with Guy of Montpellier (1180), corporate 
and non-clerical with the silk-makers of Florence (1211), state- 
institutional under Louis XIV (1670) and philanthropic and national 
in France and Russia at the end of the 18th century (Hiigel).* 


_Archbishop Datheus founded the first authentic foundling asylum in 787 at 
Milan. This was followed by similar institutions at Bergamo (982) Laibach 
(1041), Padua (1097), Florence (Spedale di S. Maria della Seala 1161) and 
the hospital founded by Guy and his Order of the Holy Ghost (1144) at Mont- 
pellier (1180). A bull of Innocent HI states that this order had created nine 
foundling asylums in 1198. Another bull of the same Pope lists 29 foundlin 
asylums in France under Philip IV (The Fair). Other asylums were founded - 
Arezzo (1188) and Florence (1193), and in 1198, Innocent III provided the Con- 
servatorio della Ruota, in the Ospedale dello Santo Spirito in Rome, with accommo- 
dations for 600 foundlings, and a rotary contrivance (ruota) for receiving them at 
the door In the thirteenth century, asylums were founded at Parma (1201) 
Aix, Toulon, Novarra and Volterana (1201), Prato and Jerusalem (1210), Florence 


* Hiigel, F. S., Beschreibung simmtlicher Kinderhei i 
‘ ellanstalten in BE 
Vienna (1849), which contains a full account of children’s hospitals in cee ie 
the date of its publication. For the history of foundling asylums, see his “ Die 
Findelhéuser und das Findelwesen Europa’s.” Vienna (1863). 
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(1218), Bellinzona (circa, 1250), Gimignano (1258), Lucea (1268), Embeck (1274) 
Cortona (1286) and Tauris (1294). In the fourteenth century, the Hépital de 
l’Esprit Sainte was founded at Paris (1362), first for the reception of foundlings, 
later for legitimate children only (1422). This had been predeced by an institution 
of similar name, founded by Enrad Fleinz at Nuremberg (1331), and was followed 
by another at Venice (1380). On October 25, 1421, the famous Ospedale deg!’ 
Innocenti was founded at Florence, in 1426, the Pio ‘Istituto degl’ Esposti at 
Verona, and others at Genoa (1420), Bergamo (1438), Brescia (1447), Mantua 
(1449), Cremona (1450), Lodi (1458), Como (1468), Cremona (1479), and Munich 
(1489). In the sixteenth century, foundling and orphan asylums were erected at 
Locarno (1501), Reggio (1513), Naples (1515), Pistoja (1539), Paris (Hépital de la 
Trinité, 1545), London (Christ’s Hospital School, 1553), Piacenza (1573) and 
Amsterdam (1594). 


It is not probable that any of the early medieval establishments 
were true hospitals (in the sense of being places where disease was 
actually treated) but merely places of refugeand shelter. It wasonly at 
the end of the fifteenth century, as Sudhoff has shown, when physicians 
began to give the inunction, sweating and guaiac treatment of syphilis 
in hospital, that the hospitals for ‘‘curabiles, ergo curandi” began 
to spring up alongside of hospitals set apart for incurable cases and 
isolation hospitals for lepers and epileptics.* 


In 1639, St. Vincent de Paul (1576-1660), who had a worthy precursor in St. 
Thomas of Villanueva (1488-1555), moved the asylum founded by an unknown 
widow in the rue St. Landry, Paris (“‘La Couche,’’ 1638) to the Faubourg St. 
Victor, to become the Hospice des enfans trouvés (1640) which was declared a 
public institution by Louis XIV, in June, 1670. Other foundling and orphan 
asylums existed at Hamburg (1604), Dresden (1618), Toledo (1629), Wurtzburg 
(1639), Peking (1662), Mainz (1665), Erfurt (1664, 1669), Brunswick (1677), 
Frankfurt (1679), Bremen (1692) and Berlin (1697); and in the eighteenth century 
at Prague (1704), Novgorod (1708), Hamburg (1709), Edinburgh (1732), Rio de 
Janeiro (1738), London (1739), Vienna (1742), Turin (1748), Strassburg (1748), 
Copenhagen (1753), Stockholm (1753), Moscow (1762), Petrograd (1770), Dublin 
(1781) and London (1789). 

The first dispensary for children in Europe was that started by Dr. George 
Armstrong in London (1769-81). This was followed by the institution founded by 
Johann Joseph Mastalier in Vienna (1787), which was continued after his death by 
Leopold Anton Golis (1794) and still exists. The Royal Sea-bathing Infirmary 
and National Hospital for Scrofula was founded at Margate, England in 1796. 
In 1785, at the instance of Louis XVI, a commission of the Académie des Sciences 
(Bailly, Laplace, Lavoisier, et al.) prepared a report on the wretched accommoda- 
tions, appointments and hygienic status of the Hétel Dieu, in which eight to nine 
children were found lying in one bed, with an almost total mortality. In 1788, J. R. 
Tenon made his famous report and recommendations for reforms in hospital con- 
structionandhygiene. Asaresult, the foundling asylum known as the “ Maison de 
VEnfant Jesus” (1751) was transformed into the present Hdpital des enfans malades 
(1802). This was for a long time, the largest children’s hospital in Europe.t A 
children’s dispensary was founded at Briinn by Dr. Ringolini (1810), Armstrong’s 
London Dispensary was revived by John Bunnell Davis (1816) and followed by a 
hospital at Vienna (1826). The Nicholas Children’s Hospital was founded at Petro- 
grad by Dr. Friedeberg in 1834, the pediatric clinic in the Charité at Berlin in 
1834. Others followed at Dresden (1834), Vienna (L. Mauthner, 1837), Budapest 


* Pagel-Sudhoff, “‘ Hinfiihrung in die Geschichte der Medizing 2. Aufl.” Berlin, 
(1915), p. 188. 

+ For the history of the Hépital des enfants malades (1802-1913), see P. 
Lereboullet, Paris méd., x1v (1913-14), suppl., pp. 3-19. 
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(1839), Hamburg (1840), Stuttgart (1842), Prague (Kaiser Franz Joseph, 1842), 
Vienna (St. Joseph’s, 1842), Moscow (1842), Frankfurt (1843), Turin (1843), 
Berlin (Elizabeth Hospital, 1843), Graz (1844), Berlin (Louisa Hospital, 1844), 
Lemberg (by regimental surgeon Brum, 1845), Stockholm (Pediatric Clinic, 1845), 
Turin (Ospedaletto di Santa Filomena, 1845), Copenhagen (Boérnehospital by 
J. L. Dreyer, 1846), Munich (1846), Constantinople (1847). 

Children’s hospitals in England and America date from the middle 
of the nineteenth century. About 1849, Dr. Charles West, of London, 
attempted to convert the Royal Infirmary for Sick Children in Water- 
loo Bridge Road (1816) from a scattered set of dispensaries into a true 
hospital for sick children, but was frustrated by the professional jeal- 
ousy of his colleagues. In spite of these rebuffs, he visited all the 
London hospitals, wrote to all the continental children’s hospitals for 
data, and through the social prestige of Bence Jones, he at length 
secured a footing and a fund for his project. After much opposition 
and many disappointments, after West had travelled over France 
and Germany for further information, the Hospital for Sick Children 
in Great Ormond Street was opened (February, 1852), in a house which 
had once been occupied by the celebrated Dr. Richard Mead. Mead’s 
drawing room, with its painted shepherds and shepherdesses, became 
the girl’s ward, and his museum the out-patient department. Dr. 
West and his wife did all the furnishing. West himself organized the 
system of accounting, the diet table, the Samaritan Fund, the system 
of boarding out in cottages, the Museum of Anatomy, drew up the 
catalogue, acted as physician-in-chief and later started an infant 
nursery or créche and a convalescent branch in Cromwell Street. 
The hospital thus accommodated 75 patients and 52 convalescent 
patients. During 1852, it took in 148 patients and 1250 out-patients, 
during 1871, 998 patients, and 11,988 out-patients, during 1852-71, 
10,442 patients and 200, 691 out-patients. Dr. West resigned in 1875, 
and did not apply for his position again, but when the hospital was 
rebuilt (in 1875), he furnished it again throughout and gave it his library 
and pathological drawings.* A brilliant account of the Hospital was 
written by Charles Dickens in 1852. Dicken’s speech of February 9, 
1858, in behalf of this institution is one of the finest specimens of his 
genius. Miss Mulock, Tom Hood and others also lent their pens to its 
aid. ‘The hospital was further enlarged in 1892, 1899 and 1908, and 
now has 240 beds, a Private nursing institution, a medical school in 
affiliation with London University, at which Garrod, Still, Poynton and 
Hutchinson are teachers, a casualty department and the largest out- 
patient service in the world. ' 


The other children’s hospitals of London are the Kensington Dispensary (184 
rebuilt 1901), The Belgrave (1863, 1903), Grosvenor (1866), Victoria, eee 
(1866), Northeastern (Queen’s), Bethnal Green (1867), Alexandra (Hip Disease 
1867, 1894), East London (1868), Evelina (1869), Sydenham Road (1872), Cheyne, 
Chelsea (1874), St. Monica’s Home (1874), Paddington Green (1883, 1895, 1911), 
St. Mary’s Plaistow (1893), Infant’s Hospital, Vincent Square (1903, 1907), 
Woolwich (1905), Queen Mary’s (1907) and Park Hospital, Lewisham (1910). 
The largest of these are the East London and the Evelina. The Provincial chil- 


* Brit. Med. Jour., London, i (1898), p. 922. 
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dren’s hospitals of England are: Kidderminster (1821, 1870), Manchester (1829, 
1903, 1907, 1912), Liverpool Infirmary (1851, 1868), Leeds (1853), Jenny Lind 
Infirmary, Norwich (1853), Manchester (1855), Bristol (1857, 1885), Newcastle 
(1861, 1888), Sunderland (1864), Gloucester (1867), Brighton (1868), Nottingham 
(1869), Birkenhead and Wirral (1869), Hull (1872), Sevenoaks (1872), Cheltenham 
(1874, 1901), Sheffield (1876, 1896, 1902, 1906), Derbyshire (1877), Bradford 
(1883), Newbury (1886), Gateshead (1887) Rosehill (Babbicome, 1888, Torquay, 
. 1902), Heswall, Cheshire (1899, 1908). 

In Scotland: the Royal Edinburgh (1859, 1895), Royal Aberdeen (1897), 
Edinburgh (1878, 1885), and Royal Glasgow (1883). In Ireland, the National, 
at Dublin (1821), the Dublin Children’s Hospital (1872, 1874), Ulster, Belfast 
(1872, 1911-12), Belfast (1873, 1885) and Victoria, Cork (1874). In Canada: 
Toronto (1875). In India: Bombay (1876). In Australia, those at Melbourne 
(1870), Adelaide (1876), Brisbane (1877), Rockhampton, Queensland (1885) and 
Perth, West Australia (1909). 

Among the many children’s hospitals founded on the continent of Europe after 
1850 are those at Stettin (1851), Paris (Sainte Eugénie, 1854), Stockholm (Crown 
Princess Louisa, 1854), Wildbad-Ludwigsburg (1854), Leipzig (C. Hennig’s Poly- 
clinic, 1855), Petrograd (1855), Basel (1862), Berne (Jenner, 1862), Amsterdam 
(Emma, 1865), Ziirich (1868) Petrograd (Prince Peter Oldenburg, 1869), Havre 
(1875), Vienna (Kronprinz Rudolf, 1875), Cracow (St. Ludwig’s, 1876), Dresden 
(1878), Helsingfors (1879), Vienna (Carolina, 1880), Cremona (1881), Naples (Lina, 
1881), Madrid (Infant Jesus, 1882), Oporto (Maria Pia, 1883), Moscow (St. Olga, 
1887), Berlin (Kaiser und Kaiserin Friedrich (1890), Genoa, 1890), Leipzig (1893), 
Dirkheim (1894), Constantinople (Hamidié, 1898), Athens (St. Sophia, 1900), 
Nancy (J. B. Thierry, Maxésville, 1900), Paris (Bretonneau, 1900, Trousseau, 1900, 
Pasteur, 1900), Paris (Hérold, 1901), Parma (1901), Paris (Polyclinique H. de Roths- 
child, 1902), Berlin, University Clinic, Charté 1903, Bordeaux (suburban hospital 
at Bouscat, 1903), Cremona (1904), Rostock (Clinic, 1905), Lodz (1906), Budapest 
(1907), Frankfurt am Main (Annie Stiftung, 1908), Lublin (1911), Vienna (New 
University Hospital, 1911), Venice (Umberto, 1912) and Warsaw (1912). 


In 1852, one ‘‘Philopedos,” an ex-dispensary physician of New 
York City published ‘““A Few Remarks about Sick Children, and the 
Necessity of a Hospital for them.” Like the hero of the old Spanish 
play, Philopedos remained un hombre sin nombre,* but this particular 
hombre, through his insistence upon the high mortality of infants from 
ill-ventilated, unsanitary habitations and the crowded condition of the 
general hospitals, was instrumental, as Adams says “in establishing 
the Child’s Hospital and Nursery—the first hospital devoted to 
children on this continent—which was organized March 1, 1854, and 
stands to-day as a monument to this unknown writer.”{ This hospital 
was also a maternity at the start. The first institution designed 
exclusively for children was the Children’s Hospital of Philadelphia, 


established in the following year (1855). 


ng the later American children’s hospitals are those at Chicago (Mary 
ne 1865), Boston (1869, rebuilt, 1914), New York Foundling (1869), 
New York (St. Mary’s 1870), New York Free Dispensary (1871), Washington, 
D. C. (1871), Radnor, Pa. (1873), Atlantic City (1873), Albany (1875), Lawrence, 
Mass. (1875), San Francisco (1875), Philadelphia (St. Christopher’ s, 1876), 
Philadelphia (Children’s Homceopathic, 1877), St. Louis (1879, rebuilt, 1914), 
Boston (Infant’s, 1881), Cincinnati (1883), St. Louis (Martha Parson’s Free, 1884), 
Chicago (Children’s Memorial, 1884), Baltimore (Thomas Wilson Sanitarium, 


* Tirso de Molina, El Burlador de Sevilla, act I, se. il; 
P haaine S. S., Tr. Am. Pediat. Soc., N. Y., ix (1897), p. 23. 
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1884), New York (Laura Franklin, 1886), San Francisco (1886), Detroit (1887, 
ee New York (Babies,’ 1887), Syracuse (1887), Buffalo (1892), Columbus, 
Ohio (1892), Milwaukee (1892) and Los Angeles (1913). The Baby’s Hospital of 
Philadelphia (1921) is a social service center, combining a small pediatric ward 
with a research institute, a new departure in the matter of raking pediatric service 
to the people. The many seaside hospitals and stations for tuberculous children 
can only be referred to. There are no less thay 18 on the Italian coast alone. 


Clinical instruction in pediatrics was first introduced by Rosenstein 
in Sweden (Jacobi). In 1761, the chief physician of the Lying-in 
Hospital of Stockholm was ordered, by royal mandate, to lecture on 
infantile diseases (Medin). During the nineteenth century, pediatric 
teaching was for a long time exploited by means of lectures, in which, of 
course, such men as Trousseau, Roger, Bouchut and Parrot in Paris, 
Charles West in London, the Viennese clinicians (Mayr, Widerhofer, 
Escherich), and in Berlin, Henoch and Gerhardt were most effective 
teachers. On April 2, 1845, T. T. Berg was appointed professor of 
pediatrics in the Karolin Medico-Chirurgical Institute and on May 2, 
1845, a pediatric clinic was opened at the Central Home for Children. 
In America, Jacobi introduced bedside teaching in his earliest courses 
(1862-64). This was revived in 1898, when Jacobi’s pupil, Francis 
Huber, supplied the funds for a special service of bedside teaching at 
the Roosevelt Hospital for the benefit of the pupils of the College of 
Physicians and Surgeons. In 1910, Mrs. A. Woerishoffer donated 
$100,000 for the foundation of the Jacobi Division of the German 
Hospital, in charge of Dr. A. L. Goodman. This, Jacobi characterizes 
as the third phase of bedside teaching in pediatrics. In the Paris 
Faculty, says Hutinel, ‘Roger (1853) taught as a clinician, Parrot 
(1878) as an anatomist, Grancher (1885) as a hygienist.’’ During 
Parrot’s incumbency at the Hédpital des enfants assistés, the cradles 
of the nursling patients were jumbled closely together, without regard 
to possibilities of infection, the same half-wiped spoon served to exam- 
ine all throats, the same thermometer, barely wiped upon an apron, 
served for all rectal temperatures, the bed-linen was never disinfected, 
the mattresses were soiled with dejecta, the milk, in open crocks, 
absorbed all dust at sweeping, and the crying infant was quieted by a 
piece of crumbled biscuit knotted in a rag, dipped into a jar containing 
a gummy syrup. The aphthe, vomiting, diarrhea and fever which 
resulted from this régime were dubbed by Parrot ‘‘athrepsia.”’ With 
the advent of Grancher (1885), a new order of things obtained. Forks, 
spoons, goblets and other utensils were sterilized, bed-linen and floors 
were disinfected, the personnel were required to keep themselves 
clean and not approach an infectious case without donning a surgical 
blouse beforehand.* Much was learned about the management of 
infectious cases from Grancher’s wire cages about the beds (1889), 
which were displaced by the system of glass boxing (boxes vitrés) of 
Hutinel (1894), a system frequently copied, especially in von Pirquet’s 


* Hutinel, L’enseignement de la pédiatrie & la Faculté de Paris. Ann. de méd. 
et chir. infant., Paris, xii (1908), pp. 37-50. 
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clinic in the New University Children’s Hospital at Vienna. The 
leading Parisian clinics are those of Hutinel at the Hdpital des enfants 
malades, Variot at the Hépital des enfants assistés and Netter at the 
Hopital Trousseau. In London, Still’s great outdoor service at the 
Great Ormond Street Hospital is the largest in existence. More than 
3000 in-patients and as many as 100,000 out-patients are sometimes 
treated annually. Sir Robert Jones’s clinic at Liverpool is a great 
centre for infantile orthopedics. In Leipzig, Heubner had, at the 
start, only a- district polyclinic, but through his exertions, a new 
Children’s Hospital (1893), with clinic was acquired. Although the 
French, Swiss and Austrian medical faculties are all provided with 
pediatric clinics, only ten of the twenty German universities were so 
provided in 1910, and, in only eleven was instruction given by a profes- 
sional pediatrist.* At Berlin, the science of infant nutrition, as taught 
by Finkelstein and Meyer, is the feature of pediatric instruction. At 
Munich, Pfaundler’s clinic is one of the best ever organized. He has 
claimed that he has more assistants than patients. This clinic is 
eminently modern in intention, devoted mainly to prophylaxis and 
infant welfare. At the Milk Station, modified milk and tea are given 
out freely to the poor. Bottles are sterilized by means of a gigantic 
wheel arrangement. The Normal Infant Clinic is designed, like that 
of Toronto, to keep the infant in sound health from day to day. In 
the United States, very superior instruction has been given by such 
able organizers as Rotch and Morse (Boston), Jacobi, Holt, and Chapin 
(New York) Howland (Baltimore), Abt (Chicago), Lucas (San Fran- 
cisco), Sedgwick (Minneapolis), Hoobler (Detroit), Cowie (Ann 
Arbor), Veeder (St. Louis), and by such men as Northup in the Presby- 
terian Hospital and Koplik in Mount Sinai Hospital (New York). 

Pediatric Societies and Periodicals.—In 1860, the New York Academy of 
Medicine attempted to form a section for Diseases of Children, but after a few 
tentative meetings the project was abandoned, and not until 1887 was the present 
Pediatric Section organized, with J. Lewis Smith as chairman. Meanwhile, the 
American Medical Association organized a special Pediatric Section in 1880, with 
Dr. A. Jacobi as its first chairman, and this has continued to date. The British 
Medical Association has a similar arrangement, but the meetings of the section have 
not been annual but occasional. In 1883, the Gesellschaft der Naturforscher 
und Aerzte established a pediatric section, meeting annually. In the same 
year, the Gesellschaft der Kinderheilkunde was founded (September 18, 1883) 
by Gerhardt, Henoch, Demme, Steffen, Soltmann and others, holding its first 
meeting at Freiburg. ‘The first presidents were Steffen (1883-1900), Heubner 
(1900-1906) and Escherjch (1906). The transactions (Verhandlungen, 1883-1913) 
are of a high order of merit. A Milk Commission of the Society was formed by 
Soltmann, Biedert, Heubner and Escherich in 1897. Russian pediatric societies 
were foudded at Moscow (1885) and Petrograd (1892), and publish transactions. 
The American Pediatric Society was organized in 1888, with Dr. A. Jacobi as its 
first president, his successors in office being J. Lewis Smith, Rotch and Osler. 
This society is an exclusive organization of the type described by Weir Mitchell: 
“a meeting of men whose power to teach others is a pledge to that humility which is 
ever seeking to learn. It has no medical politics, nor is it embarrassed by useless 
idlers who look upon such gatherings as merely pleasant social meetings.’”’+ Its 

* Peer, E.. Arch. f. Kinderheilk., Stuttgart, lii (1909-10), pp. 244-259. 
+ Mitchell, Tr. Cong. Am. Phys. & Surg., ii (1892), p. 159. 
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membership is limited to 75 and confined to the serious workers of scientific type. 
The Transactions (1888-1921) contain the best kind of pediatric literature. 
Several local American pediatric societies have been formed, notably the Ohio 
State Pediatric Society (1895), the Bethesda Pediatric Society of St. Louis (1895), 
the Philadelphia Pediatric Society (1896), the Indiana State Pediatric Society 
(1897), the Chicago Pediatric Society, the Central States Pediatric Society, and 
the New England Pediatric Society. There is also the National Association for 
the Study and Education of Exceptional Children (1905), the Association of Ameri- 
can Teachers of Diseases of Children (1907), the American School Hygiene Associa- 
tion (1907), the American Association of Medical Milk Commissions (1907) and the 
American Association for the Study and Prevention of Infant Mortality (1909). 
which became the American Child Hygiene Association in 1919. The Society 
for the Study of Diseases of Children, established at London in 1900, has, since 
November 27, 1908, been merged into the Section for the Study of Diseases of 
Children of the Royal Society of Medicine (Reports of Society, 1900-1908, Proceed- 
ings of Section, 1908-21). The Société de pédiatrie of Paris was established in 
1899, and has published Bulletins to date. A French Congress of gynecology, 
obstetrics and pediatrics was held at Bordeaux in 1895 and published Mémoires 
for several years. An Italian pediatric congress (Congresso pediatrico italiano) 
was organized in 1890 and published Aéti for a number of years. Every 
International Medical Congress (1867-1913) has had a pediatric section. An 
International Congress of Pediatrics was held at Paris on October 7-9, 1912, and 
has published its Comptes-rendus (Paris, 1913). 

The first International Congress of School Hygiene was held at Nuremberg 
in 1904. An International Milk Federation (Fédération internationale de la 
laiterie) has held Congresses at Brussels (1903), Paris (1905), The Hague (1907), 
Budapest (1909) and Stockholm (1911). A Union internationale pour la protec- 
tion de lenfance du premier dge, has for its function the organization of Congresses 
of Milk Stations, has held one Congress at Budapest (1905) and is the parent of 
International Congresses for the Study and Prevention of Infant Mortality held 
at Paris (1905), Brussels (1907) and Berlin (1911). 

According to Crozer Griffith, * the earliest periodical to be concerned with pediat- 
rics was the Archiv fiir die Geburtshilfe, Frawenzimmer- und neu-gebohrner Kinder- 
krankheiten, started at Jena in 1787. The first periodical devoted exclusively to 
pediatrics was the Analekten tiber Kinderkrankheiten (Stuttgart, 1834-37). A 
Clinique des maladies des enfants of the Strassburg Faculty for 1837-41 was edited 
by V. Stéber in 1841. La Clinique des hépitaux des enfans, with Vanier as editor, 
was published at Paris in 1841-44. The Children’s Hospital at Dresden published 
a Jahrbuch for the year 1844-45. The Jahrbuch fiir Kinderheilkunde was started at 
Vienna in 1857, with F. Mayr as editor and has been continuous to date. The 
Archiv fiir Kinderheilkunde (1870), the Kinder-Arzt (1890) and the Centralblatt fiir 
Kinderheilkunde (1896) followed. The Revue mensuelle des maladies de V enfance 
(1883), and the Archives de médicine des enfants (1898) are prominent in France. 
The Archives of Pediatrics was started in New York by William Perry Watson in 
1884, and Pediatrics by George Carpenter in 1895. La Pediatria was started at 
Naples by Francesco Fede in 1893. The monthly Dietskaya meditsina (Moscow 
1896-1903) was in its time the principal Russian periodical. j 

The British Journal of Children’s Diseases was established in London by 
George Carpenter in 1904. The American Journal of Discases of Children, the 
best pediatric periodical in English was started in 1911. 

_ A list of pediatric journals and transactions, arranged in chronological order 
is subjoined: 


*Crozer Griffith, J., P. “Jour. Am. Med. Assoc.” Chi 
pp. 947-951. : ssoc.” Chicago XXI (1898) 
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PERIODICALS AND TRANSACTIONS DEVOTED TO PEDIATRICS 
EXCLUSIVELY 


Bibliothek fiir Kinderarzte. v.1. 8°. Vienna (1792). 

Analekten tiber Kinderkrankheiten. ed. Riecke. Hfte. 1-12. 4v. 8°. Stutte 
gart (1834-37). 

Clinique (La) des hépitaux des enfants. ed. Paul Prosper Vanier. v. 1-4. 8°. 
Paris (1841-44). 

Journal fiir Kinderkrankheiten. ed. Barthez, Berg [et al.] v. 1-59. 8°. Berlin 
(1843-7); Erlangén (1848-72). 

Oesterreichische Zeitschrift fiir Kinderheilkunde. ed. B. Kraus and L. Mauthner. 
v. 1-2. 8°. Vienna (1855-57). 

Jahrbuch fiir Kinderheilkunde und physische Erziehung. ed. Fr. Mayr. v. 1-8. 
8°. Vienna (1857-66); n.F. ed. Prof. Binz [et al.]. v. 1-97. Vienna 
(1867-1922). 

Jahrbuch fiir Physiologie und Pathologie des ersten Kindesalters. ed. Ritter 
von Rittershain. v.1. 8°. Prague (1868). 

Oesterreichisches Jahrbuch fiir Paediatrik. ed. Ritter von Rittershain and Maxi- 
milian Herz. v. 1-8. 8°. Vienna (1870-77). 

Central-Zeitung fiir Kinderheilkunde. ed. Adolf Baginsky and Alois Monti. v. 
1-2. 40. Berlin (1877-79). 

Archiv fiir Kinderheilkunde. Founded by Adolf Baginsky, M. Herz, A. Monti 
(1880-92); ed. Baginsky, Monti and A. Schlossmann 1892-1922. vy. 1-71. 
8°. Stuttgart (1880-1922). Current. 

Gesellschaft fiir Kinderheilkunde. Verhandlungen. v. 1-30. 8°. (1883-1913). 

Reyista de enfermedades de nifios. Redactada por el cuerpo facultdtivo del 
Hospital del Nifio Jesus. v.1. 8°. Madrid (1883). 

Archivio di patologia infantile. ed. Luigi Somma. v. 1-6. 8°. Naples (1883-88) . 

Bulletin hygiénique et statistique desenfantsdulerage delavilled’Algér. . . ed. 

A. Jobert. No. 1,v.1. 8°. Alger (1883). 

Revue mensuelle des maladies de l’enfance. ed. Cadet de Gassicourt and L. A. 
de Saint-Germain. vy. 1-25, Paris (1883-1907). 8°. 

Archives (The) of Pediatrics. ed. William Perry Watson. v. 1-39. 8°. Jersey 
City, N. J. (1884); Philadelphia (1884-91); New York (1892-1922). 

Archivos de medicina y cirugia de los nifios.. ed. Baldomero Gonzalez Alvarez. 
v. 1-5. 8°. Madrid (1884-89). 

Obshtshestvo Dietskich Vrachei v. S.-Peterburg. Trudi I-X (1885-96). [So- 
ciety of Pediatricians . . . Memoirs.] 8°. St. Petersburg (1887-96). 

Archivio italiana di pediatria. ed. Giuseppe Somma. 2:8. v. 7-12. 8°. Na- 
ples (1889-94). Ended. 

Revista de enfermedades de la infancia. ed. Jaime Guerra y Estape. v. 1. 
8°. Barcelona (1890). f 

American Pediatric Society. Transactions. 8°. [Philadelphia] (1890-1922). 
Current. a a } 

Beitrige zur Kinderheilkunde aus dem I. éffentlichen Kinderkrankeninstitute in 
Wien. 1.-3. Hft.,n.F. v.1-5. 8°. Vienna (1890-93). 

Congresso pediatrico italiano. Atti. 1 (1890); 2 (1892); 3 (1898); 4 (1901). 
8°. [v.p.] (1891-1902). ; 

Kinderarzt (Der). Zeitschrift fir Kinderheilkunde. ed. M. Sonnenburger. 

ty. 1-31. 8°. Berlin and Neuwied; Leipzig (1890-1920). 

Boletin del Dispensario ¥ Hospital de nifios pobres de Barcelona. ed. Juan Roca. 
y. 1-7. fol. Barcelona (1891-97). wh 

Igiene dell’ infanzia e medicina preventiva. ed. Francesco Rugieri. v. 1-5. 
8°. Rome (1892-96). 

Obshtshestvo ee ae sostoyashtshiy pri Imperatorskom Moskovskom 
Universitetie. Trudi. . . v.1-7 (1892-3 to 1898-9) [Society of Pediatricians 
at the Imperial Moscow University. Memoirs . .] 8°. Moscow Se 

Journal de clinique et de thérapeutique infantiles. ed. G. Variot. v. 1-7. 
Paris (1893-99). Merged in Gazette des maladies infantiles. 
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Nederlandsche Vereeniging voor Pediatrie. Voordrachten. . . v. 1-2. Si 
Utrecht (1893-6). 

Pediatria (La). ed. Francesco Fede. R. Jemma. v. 1-30. 8°. (1893-1922). 
Current. , 

Médecine (La) infantile. ed. Jules Comby. v. 1-4. 8°. Paris (1894-97). 

Centralblatt fiir Kinderheilkunde. ed. Eugen Graetzer. v. 1-20. 8°. Leipzig, 
(1896-1915). Current. In 1908, title became; Zentralblatt etc. 

Dietskaya meditsina. ed. L. P. Alexandroff. v. 1-8. 8°. Moscow (1896- 
1903). Ended. 

Pediatrics. ed. by Dillon Brown, George Carpenter (etal). v. 1-28. 8°. New 
York and London (1896-1916). : 

Annales de médecine et chirurgie infantiles. ed. E. Périer.. vy. 1-18. 8°. Paris 
(1897-1914). ; 

Médecine (La) infantile. ed. E. Périer. H. Roueche v. 1-27. 8°. Paris 
(1987-1911). 

Pratique (La) de la médecine infantile. ed. E. Périer. v. 1. 8°. (1897). 

Archives de médecine des enfants. ed. F. Brun, J. Comby [et al.] v. 1-25. 8°. 
Paris (1898-1922). 

Gyermekgyogyaszat [Pediatry]. v. 1-10. fol. and 8°. Budapest (1898-1907). 
Supplement to: Orvosi hetilap. 

Infanzia anormale. Bulletino ufficiale della Societ& italiana pro anomali. v. 

1-14. 8°. Milaro, 1898-1921. 

Tuberculose (La) infantile. ed. Léon Derecq and Henri Barbier. yv. 1-10. 8°. 
Paris (1898-1907). 

Conferenze d’igiene infantile tenute per cura del Comitato romano della Societa 
Nazionale Pro Infantia nell’ aula dell’ Isituto d’igiene di Roma nell’ anno 
(1898). 230 pp.,11. 8°. Rome, G. Balbi (1899). 

Gazette des maladies infantiles. Journal de pediatrie. ed. H. Barbier and 
Villemin. v. 1-14. 4°. Paris (1899-1912). In January, 1900, Journal 
de clinique et de thérapeutique infantiles merged in this journal, and title 
became: Gazette des maladies infantiles et Journal de clinique et de théra- 
peutique infantiles réunis. 

Société de pédiatrie de Paris. Bulletins. v. 1-19. 8°. Paris (1899-1921). 

Igiene dalla prima infanzia. Atti del primo Congresso nazionale per l’igiene dell’ 
allattamento mercenario (1899). 8°. Milan (1900). 

Paedologisch Jaarboek. ed. M. C. Schuyten. vy. 1-5. 8°. Antwerp (1900— 
1904). 

Society for the Study of Disease in Children. Reports (1900-1901 to 1907-8). 
v. 1-8. 8°. London (1901-99). 

Congresso per l’igiene dell’ allattamento e la tutela della prima infanzia, tenuto in 
Firenze (1901). Atti. 8°. Florence (1903). 

Homeeopathic (The) Journal of Pediatrics. ed. J. G. Chadwick. v.1. Buffalo, 
N. Y. (1902). 

Archivo di patologia e clinica infantile. ed. Tommaso Guida. vy. 1-2. 8°. 
Naples (1902-3). 

Gesellschaft fiir innere Medizin und Kinderheilkunde in Wien. Mitteilungen. 
v. 1-21. 8°. Vienna (1902-22). Current. 

Monatsschrift fiir Kinderheilkunde. ed. Arthur Keller. v. 1-22. 8°. Leipzig 
and Vienna (1902-1922). 

Revue d’hygiéne et de médecine infantiles, et Annales de la polyclinique H. de 
Rothschild. ed. H. de Rothschild. v. 1-10. 8°. Paris (1902-11). 

Congresso nazionale ‘pro infantia”’ in Torino (1902). Atti. 8°. Turin (1903). 

Gyermekorvos. [The children’s physician.] v. 1-12. 4°. Budapest 1903- 
14). Supplement to Budapesti orvosi ujsag. 

Pédiatrie (La) pratique. ed. E. Ausset. v. 1-12. sm. 4° (1903-13). 

Rivista di clinica pediatrica. ed. C. Comba, [et al.] v. 1-20. 8°. 

Florence (1903-21). 

British (The) Journal of Children’s Diseases. ed. George Carpenter. J. D. 

Rolleston, v.1-19. 8°. London (1904-22). Current. 
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Halbmonatsschrift fiir Frauen- und Kinderkrankheiten. ed. S. Schick. v. 1-2 

oe 8° Vienna (1904-5). ; 
adelphia Pediatric Society. Transactions (1 e 
De ieOe 6). y (1904-5, 1905-6). 8°. New 

Archivos Latino-Americanos de pediatria. v. —13. 3 i 
(1908-1919). p Vv 1-13. 8°. Buenos Aires 

Jikwa Zasshi [Journal of Pediatries.] Nos. 75-78. 8°. Tokyo (1906). 

Zeitschrift fiir Kinderheilkunde. ed. H. Finkelstein [et al] Original. Zeitschrift 
fiir Kinderfflege. v.1-9. 8°. Berlin, 1906-14. Referate: Zentralblatt fir 
die gesamte Kinderheilkunde ed. H. Finkelstein v. 1-12. 8°. Berlin 

i (1910-22) Current. 

Przeglad Pedyatryezny [Pediatric Review] v. 1-6. 8° Krakow, 1908-14. 

Rassegna di pediatria. v. 1-5. 40. Parma, 1910-14. Pediatriya. v. 1-6. 8°. 
Petrograd, 1911-14. 

Pediatria (La) espafiola. v. 1-11. 8°. Madrid (1912-22). Current. 

Association internationale de pédiatrie; premier congrés tenu & Paris, les 7, 8, 9, 
Octobre (1912). 8°. Paris (1913). 

Le Nourisson, ed. A.-B. Marfan. v.1-10. 8°. Paris, 1913-22. 
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Archiv fiir die Geburtshilfe, Frauenzimmer- und neugebohrner Kinderkrankheiten. 
v. 1-6 (a 4 Stiicke) 8°. Jena (1787-96). Continued by the following. 

Neues Archiv fiir die Geburtshiilfe, Frauenzimmer- und Kinderkrankheiten. 
v. 1 (44 Stiicke). 8°. Jena (1798-1800). 

Annalen der Geburtshilfe, Frauenzimmer- und Kinderkrankheiten. Fiir die 
Jahre (1790 und 1791). ed.Jacob Rémer. 2v. 8°. Winterthur (1793-94). 

Annalen der klinischen Anstalten der Universitat zu Breslau, fiir Geburtshilfe und 
Krankheiten der Weiber und Kinder. ed. J. W. Betschler. v. 1-2. 8°. 
Breslau (1832-34). 

Beitrage zur theoretischen und practischen Geburtshilfe und zur Kenntniss und 
Kur einiger Kinderkrankheiten. ed. J. H. Wigand, Heft. 1-3. 8°. Ham- 
burg (1798-1808). 

Neues Archiy fiir die Geburtshiilfe, Frauenzimmer- und Kinderkrankheiten. ed. 
Joh. Christian Stark. v. 1-8. Jena (1798-1801). 

Journal fiir Geburtshilfe, Frauenzimmer- und Kinderkrankheiten. ed. Elias von 
Liebold. v. 1-17. 8°. Frankfurt am Main (1813-33); Leipzig (1834-38). 

Annales de gynécologie et de pédiatrique. Par. Martin Schoenfeld. 2:8., v. 1-2. 
roy. 8°. Brussels (1840-42). 

Annales d’obstétrique, des maladies des femmes et des enfans. ed. Andrieux de 
Brioude and Lubanski. v. 1-3. 8°. Paris (1842-43). 

Nederlandsch Tijdschrift voor Verloskunde, Ziekten der Vrouwen en der Kinderen. 
ed. J. Broers. v. 1-16. 8°. Utrecht (1846-53). 

Nederlandsch Tijdschrift voor Heel- en Verloskunde, Ziekten der Vrouwen en der 
Kinderen. N.s. v. 1-11. 8° Utrecht (1854-69). Continuation of pre- 
ceding 

Tijdschrift der Nederlandsche Gynaecologie en Paedriatiek. ed. H. J. Broers. 
St. 1-4. 8°. Utrecht (1847-48). 

American Journal of Obstetrics and Diseases of Women and Children. ed. by E. 
Noeggerath, B. F. Dawson and A. Jacobi. v. 1-80. 8°. New York (1868- 
1919). 

eee Coast Journal. ed. Mrs. Carrie F. Young. v. 1-2. 4°. San 
Francisco (1870-71). 5 p 

Gazette obstétricale de Paris. ed. E. Vernier (de Villers). v. 1-9. 8°. Paris 
(1872-80). 

Obstetrical (The) Journal of Great Britain and Irelan 
supplement. ed. William F. Jenks. v. 1-8. 8°. 


d. With an American 
Philadelphia (1873-80). 
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Archives de tocologie, des maladies des femmes et des enfants nouveau-nés. ed. 
J. A. H. Depaul. v. 1-15. 8°. Paris (1874-91). oy, : 

Obstetric (The) Gazette. ed. Edward B. Stevens. v. 1-13. 8°. Cincinnati 
(1878-90). ; . 

Homeopathic (The) Journal of Obstetrics and Diseases of Women and Children. 
ed. by Henry Minton. v. 10-26. 8°. New York (1879-1904). 

Annali di ostetricia, ginecolégia e pediatria. ed. Domenico Chiara [et al.]_v. 1-37. 
8°. Milan (1879-87); Florence (1888-9); Milan (1890-1915). 

Anales de obstetrica, ginecopatia y pediatria. ed. Rafael Ulecia y Cardona. 
vy. 1-19. 8°. Madrid (1881-99). 

Hygiéne (L’) dela femme et de et de l’enfant. ed. Madeleine Brés. vy. 1-3. 4° 
Paris (1883-85). 

Tennessee Journal of Medical and Surgical Diseases of Women and Children. 
ed. by H. J. Wells. Nos. 1-2, v.1. 8°. Nashville, Tenn (1884). 

Archivos de ginecologia y enfermedades de la infancia. ed. P. Calderin, Manuel 
de Tolosa Latour. v. 1-2. 8°. Madrid (1884-85). 

Progreso (El) ginecolégico y pediatria. ed. Candela Plé. v. 1-3. 8°. Valencia 
(1884-89). 

Revue obstétricale et gynécologique (accouchements, maladies des femmes et 
des enfants). ed. Apostoli, Boursier [et al.] v. 1-12. 8°. Paris (1885-96). 

Allgemeine Zeitschrift fiir Hebammen, Wochen- und Kinderpflege. ed. O. 
Zeller. v. 1-2. 4°. Stuttgart (1885-86). 

Archives (The) of Gynecology, Obstetrics and Pediatrics. 8°. v. 1-9. New 
York (1886-94). 

Revue pratique d’obstétrique et d’hygiéne de l’enfance. ed. MM. Henri Varnier 
and Paul Le Gendre. v. 1-26. 8°. Paris (1888-1913). 

Progreso (El) ginecologico y pediatria. v. 1-3. 8°. Valencia (1887-89). 

Revue obstétricale et gynécologique. v. 5-12. 8°. Paris (1889-96). 

Annals of Gynecology and Pediatry. Philadelphia. (Title after February, 
1890 (v. 3, No. 5) of Annals of Gynecology, Boston. 

Congrés périodique de gynécologie, d’obstétrique et de pediatrie. Iré. session, 
Bordeaux (1895). 2. Marseille (1898). 38. (1901). 4 (1904). Mémoires 
et discussions. 8°. Paris, Marseille, Rouen (1896-1905). 

Revue mensuelle dé gynécologie, obstétrique et pediatrie de Bordeaux. ed. R. 
Lefour. v. 1-5. 8°. Bordeaux and Paris (1899-1903). 

Obstétrique (L’). ed. P. Budin. vy. 1-12. 8°. Paris (1896-1907). 

Kalender fiir Frauen- und Kinder-Aerzte. ed. Franz Hichholz. v. 1-10. 12°. 
Bad. Kreuznach (1897-1906). 

Clinica (La) ostetrica. ed. Felice La Torre. vy. 1-9. 8°. Rome (1899-1907). 

Societe d’obstétrique, de gynécologie et de pxdiatrie de Paris. Comptes rendus. 
v.1-13. 8°. Paris, 1899-1911. 

Giornale di ginecologia e di pediatric. ed. A. Pinna-Pintor. vy. 1-7. 8°. Turin 
(1901-7). 

Revue pratique (mensuelle) de gynécologie, d’obstetrique et de pediatrie. ed. 
Louis Pierra. v. 1-9. Paris (1906-14). 


PERIODICALS DEVOTED TO CHILD-STUDY, PEDAGOGICS AND SCHOOL 
HYGIENE 


oo ae de i’étude psychologique de l’enfant. v. 1-31. 8°. Paris, 1882— 

Congreso higiénico-pedagdégico. Memorias del primer . . . reunio en la ciudad 
de México el ano de (1882). 8°. Mexico (1883). 

Revista de hygiene y educacién de los ninos. ed. Lutgardo Nadal. vy. 1-2. 
(Nos. 1-14). San Fernando (1885-6). 

Protector (El) de la infancia. ed. Eusebio. Gémez del Castillo. v. 1-3. 
sm. fol., Barcelona (1884-86). 
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Zeitschrift fiir Schul gesundheitspflege. ed. Dr. Kotelmann; P. Stephani. 
v. 1-35. 8°. Hamburg and Leipzig (1888-1922). 
Medizinisch-pidagogische Monatsschrift fiir die gesammte Sprachheilkunde mit 
Einschluss der Hygiene der Lautsprache. ed. Albert Gutzmann, Herm. 
Gutzmann. v. 1-12. 8°. Berlin (1891-1902). 
an Seminary. ed. G. Stanley Hall. v. 1-22. Worcester, Mass. (1891— 
Childhood. ed. by G. W. Winterburn and Florence Hull. v. 1-3. 8°. New 
York (1892-1894). 
Ortofrenia (L’). v.1. roy. 8°. Lecco (1894-5). 
Zeitschrift fiir Kinderschutz und Jugendfiirsorge. Hrsg von der Zentralstelle fiir 
Kinderschutz und Jugendfiirsorge in Wien. v.1-13. 4°. Wien, 1899-1921. 
Zeitschrift fiir pidagogische Psychologie, Pathologie und Hygiene. ed. Ferdi- 
nand Kemsies and Leo Hirschlaff. v. 4-8. 8°. Berlin (1902-6). 
Congrés d’hygiéne scolaire et de pédagogie physiologique. Rapports et com- 
munications. v. 1-2 (1903-5). 8°. Paris (1904-6). 
Schularzt (Der). v. 1-4. 8°. Hamburg (1903-6). Supplement to: Zeit- 
schrift fiir Schulgesundheitspflege. 
Training School Bulletin. ed. E. R. Johnstone. v. 1-14. Vineland, N. J. 
(1904-17). 
Rebyonok [Child.] Nos. 1-8. 4°. Petrograd (1905). 
Internationales Archiv fiir Schulhygiene. ed. Sir Lauder Brunton. v. 1-3. 
8°. Leipzig (1905-7). 
Kind (Das). ed. Eugen Neter. v.1. 8°. Hannover (1906-7). 
Zeitschrift fiir Erforschung und Behandlung der jugendlichen Schwachsinnigen. 
v.1-7. 8°. Jena, 1906-14. 
Journal of Educational Psychology. ed. J. Carleton Bell. v. 1-18. Baltimore 
(1910-1922). 
Child (The). ed. Theophilus N. Kelynack. v. 1-12. 8°. London (1910-22). 
Child (The) ed. David R. Blyth. 8°. Chicago (1912-13). 
L’Enfance anormale. y.1-3. 8°. Paris, 1912-14. 
L’Enfance. v. 1. 8°. Paris, 1913-14. 
International Record of Child Welfare Work. Organ of the International 
Association for the Promotion of Child Welfare. Vol. I. 8°. Brussels, 
1921-22. : 


PERIODICALS DEVOTED TO INFANT HYGIENE AND INFANT WELFARE 


Igiene (L’) infantile. ed. C. Musatti. v. 1-6. 8°. Venice (1878-84). 

Mai (A) de familia. ed. Carlos Costa. v. 1-2. roy. 8°. Rio de Janeiro (1879- 
80). 

Nouveau-né (Le). ed. Oscar Comettant. v. 1-6. 8°. Paris (1881-86). 

Sociedad protectora de los nifios. Boletin. v. 1-6. Madrid (1881-86). 

Madre (La) y el nifio. ed. Manuel de Tolosa Latour. v. 1-5. fol. Madrid 
(1883-88). 

Hospital (El) de nifios. ed. Manuel de Tolosa’Latour. v. 1-4. (2. época). 
fol. Madrid (1884-8). 

Babyhood. v. 1-13. 8°. New York (1884-97). 

Babyhood. ed. Leroy M. Yale. v. 1-25. 8°. New York (1884-1909). 

Mammaebambino. ed. Raimondo Guaita. v.1-2. roy. 8°. Milan (1884-85). 

Mére (La) et enfant. ed. T. Caradec. v. 1-2. fol. Paris (1885-86). 

Providenza baliatica. ed. Antonio Ripamonti. v. 1-2, Nos. 1-10. fol. Milan 
(1886-87). ; 

Bulletin (Le) des nourrices au sein [d’Indre-et Loire]. ed. Edmond Chauinier. 
vy. 1-3. 8°. Grand-Pressigny (Indre-et-Loire) (1886-88). 

Philanthropic (The) Index and Review. Published in the interests of feeble- 
minded children. ed. Dr. C. T. Wilbur. v. 1-7, fol. Kalamazoo, Mich. 
(1882-86). 

Vou. I—9 
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Baby, Nos. 1-3. 4°. London (1887-8). f 
Mére (La) et l'enfant. ed. Severin Lachapelle. Nos. 1-7, v. 1. 8°. Montreal 


1890). 
Rate Hens ed. H. Moser. v. 1-2. 8°. Magdeburg (1892-94). Ended. 
Bulletin (Le) des nourrices au sein [d’Indre-et-Loire]. v. 1-4. 8°. Grand-Pres- 
signy (1896-99). 
Gesunde Kinder. ed. H. Moeser. v. 1-4. 8°. Hammi. W. (1896-99). 
Gesunde Kinder. Gesunde Frauen. ed. J. Groll. v. 5-8. 8°. Berlin (1896- 
1903). 
ane and Child Welfare. Official Organ of the Central Council for Infant and 
Child Welfare. yv.1-6. 4°. London, 1897-1922. 
Medicina (La) de los nifios. ed. A. Martinez Vargas. 8°. Barcelona (1900— 


1907). 

Zeitschrift fir Sauglingsfiirsorge. ed. B. Salge. v. 1-10. 8°. Leipzig, 1906— 
18. 

Zeitschrift fir S&uglings-und Kleinkinderschutz. Organ des Kaiserin Auguste 
Victoria-Hauses und der Deutschen Vereinigung fiir Sauglingsschutz. v. 1-13. 
8°. Berlin, 1909-21. 

Nipiologia. v. 1-4. 8°. Napoli, 1915-18. : 

Mother and Child. Published by American Child Hygiene Association. ed. 
John A, Foote and Ellen C. Babbitt v. 1-3. 8°. Baltimore, 1920-22. 


THE TWENTIETH CENTURY 


Social or Preventive Pediatrics 

“Spake I not unto you, saying: Do not sin against the child,”’ Genesis, XLII, 22. 

In the twentieth century, pediatrics was elevated from its ancillary 
status as a ‘dependent dwarf” of ordinary medical practice, into the 
larger atmosphere of social medicine, of which it is now one of the most 
important independent branches. This was due to the menace of 
infant mortality as the chief cause of the depopulation of modern states, 
with the consequent extension of the science of infant nutrition and 
metabolism and the creation of the new science of infant welfare, as 
ways and means of combatting the evil. It has been the universal 
experience in all times and places, that the mortality of hand-fed 
infants is higher than that of the breast-fed. In this regard, it is 
highly significant, as Heubner says, that while the science of infant 
diseases and their treatment is a plant of almost recent growth, the 
generic idea of the importance of infant welfare, as the basis of racial 
or national hygiene, has excited human interest from time immemorial. 
The modern movement is only the logical expansion of a folk-intuition 
or schwebender Gedanke, which exists, in crude form, even among semi- 
civilized peoples. 


THE SCIENCE OF INFANTILE (NUTRITIONAL) DISORDERS* 


Through the work of Bichat, as we have seen, the attention of 
Billard and other pediatrists of his time was directed to the post- 


NGA attempting to deal with the complex subject of infant nutrition and 
metabolism, I wish to acknowledge my indebtedness to the address of O. Heubner; 
Zur Geschichte der Satiglingsheilkunde” (Berlin, 1909), and to the valuable 


information conveyed by Drs. Isaac A. Abt (Chicago), John Ruhrih (Balti 
and John Foote (Washington, D, C.). go), John rah (Baltimore) 
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mortem lesion as the basis of classification of infantile diseases; and 
this tendency, gathering impetus from the massive achievement of 
Virchow and Rokitansky, continued straight on to the latter part of 
the nineteenth century. In other words, it was nowise perceived that 
post-mortem findings are but end-results of a long series of chemical 
changes within the body, and that the true cause of disease and basis of 
classification is to be sought in the initial rather than the final state of 
these changes. Thus, the classification of gastro-intestinal diseases 
in infancy was for a long time confused by the Broussais theory of 
gastro-enteritis and irritation as the basis of pathology, and the concept 
“softening of the stomach,” which John Hunter, and latterly Heubner 
himself, defined as mere post-mortem auto-digestion (an end-result), 
was accepted in Billard’s time, as a clinical and pathological “entity.” 
Bednar described the various toxemias of infancy with care (1850-53) | 
but he did not see their relation to the disorders of infant nutrition 
(Heubner). 

An apparent step forward was taken when Parrot maintained that 
severe diseases of infants lead back to some mysterious deep-lying 
disturbance or “athrepsia,’’ of the whole infantile organism; but 
Parrot, as Heubner points out, did not reason in terms of metabolism, 
but again considered only post-mortem findings, and Hutinel main- 
tains that the cause of athrepsia was simply hospital sepsis and the 
dirty hands of the attendants. The expression ‘metabolic pheno- 
mena”’ was first employed by Theodor Schwann in 1839 (Fraser 
Harris). The generic concept (Stoffwechsel) was made more familiar 
in the “Organic Chemistry” of Liebig (1842), who classified the 
organic foodstuffs, made a thorough investigation of the metabolism 
of mineral salts, and even made some attempt to improve infant 
nutrition by the addition of digestible carbohydrates to animal milk as 
a substitute or ‘‘surrogate’’ for maternal milk (Liebig’s Food). In 
1837, L. T. W. Bischoff first demonstrated the presence of free oxygen 
and CO, in the blood and studied the urea as a measure of chemical 
interchange in the body. In 1838, Johann’Friedrich Simon [1807-43], 
of Berlin, made a chemical and physiological investigation of human 
milk in comparison with animal milk.* This, in the opinion of Heub- 
ner, is the first real landmark in the exact science of infant metabolism 
as a basis for rational infant nutrition. The investigation passed 
unnoticed for some thirty years. ‘“‘The fundamental concept of 
disease remained fast-rooted in the anatomical lesion, the theory of 
treatment conscientiously limited itself to a number of drugs designed 
to combat that lesion” (Heubner). But the general idea that disorders 
of infant nutrition are to be treated not by drugs but by correct diet was 
gaining ground, and the work of Biedert, Jacobi, and others on infant 
nutrition was not without results. The pediatrists of the Vienna school, 
Mayr and Widerhofer, attained the most refined semeiology in their 


* Simon, J. F., De lacte muliebris ratione chemica et physiologica, Berlin 
dissertation (1838). Also, German translation, Die Frauenmilch, etc., Berlin, 


(1838). 
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élinical delineations, through the use of instruments of precision. 
Kiittner, a Dresden pediatrist of the same type, said frankly ‘‘He 
who would cure sick children must, before all else, know how to 
feed them.’ Franz Soxhlet furthered the cause of pure milk by intro- 
ducing the idea of ‘surgical asepsis in the hygiene of cow-stalls’” 
and the sterilization of milk (Heubner). Epstein and Grancher carried 
over the same asepsis into the children’s wards. In 1878, the obstetri- 
cian Friedrich Ahlfeld (1843— ), at Leipzig, introduced the use of 
the balance in weighing infants in connection with growth and metabo- 
lism ;* and a number of women physicians established the basic data by 
weighing their own infants at suckling during the whole period of 
lactation. This led to an entirely new concept, that of the “nutritive 
requirement,” of the suckling infant. In the meantime, Carl Berg- 
mann, in 1847, emphasized the relation between heat production and 
surface area of the body,t which was also to be forgotten until Rubner 
again brought it forward (1883); Voit and Pettenkofer estimated the 
amounts of proteins, fats or carbohydrates broken down in the body 
(from the total nitrogen and carbon dioxide eliminated) by a special 
respiration chamber (1861); and Voit introduced new methods for 
determining the intake and outgo in the balance of nutrition and the 
amount of proteid necessary in foods. Paul Zweifel demonstrated 
pepsin in the stomach and diastase in the parotid of the newborn 
(1874).t Joseph Forster, in the earliest investigation of the gaseous 
metabolism of the new-born, made with a Pettenkofer-Voit respiration 
chamber, showed that the infant produces more CO, per unit weight 
than the adult (1877).§ Epstein studied the duration of gastric diges- 
tion in infancy (1880-87). Johann Kjeldahl introduced his method of 
estimating nitrogen content in (1883). Max Rubner found, that the 
metabolism is proportional to the surface energy of the body (1883) and 
investigated metabolic changes in terms of heat and energy units by 
calorimetry (1891-1902). Wilhelm Camerer introduced the scientific 
investigation of infantile metabolism in the pediatric clinic (1894). 
Improved calorimeters, such as those of d’Arsonval (1886), Atwater 
and Rosa (1897), Atwater and Benedict (1905) were invented; and, 
in 1898-99, Rubner and Heubner published their epoch-making mono- 
graphs on the average daily food requirements of the normal and the 
atrophic infant, which are the starting point all of modern work on 
infant metabolism. The theory of disordered infantile nutrition now 
followed three distinct and separate trends. Escherich, in 1886, first 
signalized the importance of the bacterial flora of the intestine as 
pathogenic agents in infantile disease (1885) and postulated an infec- 


* Ahlfeld, “Ueber Ernihrung des Sauglings an der Mutterbrust; fortlaufende 
Wagungen wihrend der Siuglingsperiode.” Leipzig (1878). 

} Bergmann, “Ueber Verhiltnisse der Wirmedkonomie der Thiere zu ihrer 
Grosse,” Géttingen (1848). 

} Zweifel, “Untersuchungen tiber den Verdauungsapparat der N. eugeborenen,”’ 
Berlin (1874). 

§ Forster, ‘““Amtl. Ber. d. 50. Versamml. deutsch. Naturf. u. Aerzte,” Miin- 
chen (1877), p. 355. 
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tious, endogenous, toxic gastroenteritis or milk-infection (1900), 
although no specific bacillus was found. Czerny and Keller main- 
tained that disturbances of nutrition may spring from overfeeding, 
especially with fats, from infection (enteral and parenteral), from 
inborn defective metabolism (exudative diathesis), and from congenital 
defects. Czerny drew attention from pathological processes in the 
intestinal tract to the intermediate metabolism in outlying organs and 
cells of the body; and the fact that nitrogen was excreted in the urine 
as ammonia instead of urea suggested an abnormal excess or an insuffi- 
cient breaking down of acids in the organism. Schlossmann taught 
the straight doctrine that artificial feeding is “unnatural feeding.” 
Finkelstein, reasoning from clinical appearances, argued that infantile 
diseases are due to disturbances of balance of nutrition, to dyspepsia 
(diminished tolerance), to decomposition (Parrot’s athrepsia) and 
to intoxication (enterocatarrh, cholera infantum). In 1906, Finkel- 
stein opposed the Biedert theory that casein is harmful, the Czerny 
theory that fats are harmful, the Escherich theory that bacteria 
are harmful in the infantile digestive tract, and the Rotch theory 
of percentage feeding to ofiset the harmfulness of proteids, and 
advanced the theory of an alimentary fever from sugar or salt, with 
a special “albumen milk,’ to meet these conditions. Finkelstein’s 
Eiweissmilch, a mode of .therapy rather than an infant food, shows 
that proteids are not necessarily harmful, but his theory of salt- 
and sugar-fevers was opposed to such purpose that he himself ulti- 
mately abandoned his dogmatic position as to the pyrogenic action 
of carbohydrates, and finally came around to Czerny’s view that fats 
are more harmful than casein in a bowel previously irritated by sugar 
fermentation (1910). Ingestion of sugar has been pushed to the point 
of “‘sugar-diarrhea”’ by Orgler (1908), Allen (1913), Talbot and Hill 
(1914), without any evidence of sugar intoxication. The chief danger 
of sugar to the infant would appear to be that it is a culture-medium for 
the growth of bacteria in the intestinal tract. But, whatever view- 
point is assumed, the mystery of the disorders of infant metabolism, 
which cause the baby to die incontinently or to sink helplessly into 
dissolution, is still to be unravelled, as Heubner says, in the conditions 
leading to a pathological lesion of the infantile intestinal tract. 
The subject of infant metabolism and nutrition has been a debate- 
able land, made up of the shifting sands of theory. The history of 
metabolism itself may be likened to a succession of dissolving views. 
The assemblage of the different theories has all the effect of Schopen- 
hauer’s concert of Russian horns, each player producing (in his place) 
a single isolated note. Ruhrdah likens the different ways of approach- 
ing metabolism to Saxe’s poem “The Six Blind Men and the Elephant.” 
The energy-metabolism is computed1) by measuring the heat lost in the 
calorimeter,2) by obtaining the heat from the respiratory quotient 
(volume of oxygen inspired into volume CO2 expired) in a respiration 
chamber. The basal metabolism (at absolute rest) is hard to compute 
in infants, on account of the kicking and crying of the baby, which 
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increases heat production (Schlossmann and Murschhauser). The 
large differences between the energy-quotients obtained by Heubner 
and by Czerny-Keller show that the Heubner school dealt with livelier 
babies than the Czerny school (Talbot). Finally, after 18 hours fast- 
ing in a calorimeter, Schlossmann found acetone appears in the urine 
(Schlossmann and Murschhauser), suggesting that the baby may have 
passed from a normal to a pathological condition, beyond which point 
basal metabolism cannot be computed. In applying the principles of 
metabolism to infant nutrition, the advocates of a single isolated 
hypothesis, in comparison with the resourceful therapists, become as 
Emerson’s ‘‘monotones, the men of one idea.”’ Jacobi has shown that 
a marasmic infant, fed up to normal and beyond it by a monotone of 
Eiweissmilch, ultimately developed scurvy, to be relieved again by a 
more varied diet. Thus to indulge the ‘‘ vanity of dogmatizing”’ in the 
matter of infant metabolism is to join the ranks of those who, in the 
expression of Harvey Cushing ‘“‘are today, but may not be 
tomorrow.’’* 


SCIENTIFIC INVESTIGATION OF INFANT METABOLISM AND INFANT NUTRITION 


William Camerer (1842-1910) of Urach (Wiirttemberg), a Tubingen 
medical graduate (1866), served as a medival officer in the Austro- 
Prussian and Franco-Prussian wars (1866-70), and later specialized in 
metabolic disorders in his private clinic. He published monographs on 
obesity (1886), diathetic disorders (1888) and an important treatise on 
the metabolism and energy requirements of childhood from birth to full 
growth (1894, 2d. ed., 1896), based upon his own close observations. 
This won the Stiebel Prize (1898) and was followed by his studies 
(with Sdéldner) of the composition of human milk (1895-1903) and of 
changes of weight in 283 infants in the first year of life. 

Johann Otto Leonhardt Heubner (1843-— ), a pupil of Wider- 
hofer (Vienna) and an assistant of Wunderlich (Leipzig), graduated at 
Leipzig (1867), served as a medical officer in the Franco-Prussian war, 
and became professor extraordinarius of internal medicine at Leipzig 
(1873) and director of the University Polyclinic (1876). In 1891, 
he secured the erection of a children’s hospital at Leipzig and became 
the first professor of pediatrics in the University. In 1894, he suc- 
ceeded Henoch at Berlin, the first full professorship in Germany, with 


“If the above expression of opinion seems exaggerated, let me call attention 
to Schlossmann’s address of 1908 (Deutsche med. Wochenschrift, 1908, XXx1v, 
(1713-1715), in which he says that “Investigations in infant nutrition are legion, 
but the master word, fusing all into a harmonious whole, remains yet to be spoken.”’ 
Schlossmann cites the utterances of Goethe (“Investigations of the first order are 
all the more valuable, because incomplete, just as those of a lesser order are 
always completed”); and of Liebig (“Modern physiology lacks a great centric 
idea to which all investigations must inevitably converge; hence the perpetration 
of some colossal error in this science would be a positive advantage’’). Equally 


apposite is Lord Bacon’s dictum “It is easier to evolve truth from error than 
from confusion.” 
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the directorship of the Pediatrie Clinic and Polyclinic at the Charité. 
He published contributions to internal military medicine (1871) ai 
epoch making study of syphilis of the cerebral arteries (1874) the 
articles on syphilis oft he brain and cord and dysentery in Ziemmsén’s 
Handbuch (1873-74), a prize essay On experimental diphtheria (1883), 
essays on cerebral meningitis (1886), scarlatinal diphtheria (1888), 
infant nutrition and children’s hospitals (1879), chronic nephritis and 


_ Fra. 36.—Johann Otto Leonhardt Fig. 37.—Adalbert Czerny (1863- 
Heubner (1843- ). (Courtesy of ). (Courtesy of Dr. Henry F. 
Dr. J. H. Hess, Chicago.) Helmholz, Chicago.) 


albuminuria in children (1891), treatment of disorders of infant nutri- 
tion (1894), syphilis in children (1896), the metabolism of a boy (1902) 
a splendid treatise on pediatrics, based upon his own clinical findings, 
(1903-6, 3. ed., 1911), a valuable history of the pediatrics of infancy 
(1909) and a volume of pediatric essays (1912). In 1894, Heubner 
built, with his own hands, the first successful respiration calorimeter. 
In 1898-9, appeared the classic monographs of Max Rubner and Heub- 
ner on the average daily food (energy) requirements of the normal and 
atrophic infant,* which have remained the basis of all subsequent 
metabolism experiments on infant feeding. He inaugurated the 
method of caloric feeding. In 1901 he introduced the concept of the 
“energy quotient,’’t 7.c., the number of large calories per kilogram of 
body weight per diem necessary for infant growth. In 1911, he intro- 
duced his theory of “digestion insufficiency.” He made Barlow’s 
disease known in Germany. Heubner is a distinct leader of modern 


* Rubner and Heubner, Ztschr. f. Biol., Munich, xxxvi (1898), p. 1; XXXViil 


(1899), p. 315. re b 
+ Heubner, Ztschr. f. diat. u. phys. Therap., Leipzig, v (1901-2), pp. 13-35. 
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pediatric thought and an influential teacher, numbering among his 
pupils Finkelstein, Langstein, Stoeltzner and Salge. Heubner is 
described by Finkelstein as “‘nothing of the pompous, prepense 
Olympian of calculated sublimity and pathetic stage gestures, but a 
genuine, whole-hearted human man, full of life, movement, fire, 
natural, original and impulsive in every fibre of his being.” In old 
age, he was not “the ossified, myopic discourager of youth,” but carried 
the younger men along with him by the youthful freshness and charm 
of his own personality. 

Adalbert Czerny (1863-— ), of Szezakowa, Galicia, a pupil of 
Epstein, graduated M.D. at Prague (1888), and succeeded Soltmann 
as professor extraordinarius at Breslau (1894), where he founded a 
Pediatric Clinic and Polyclinic. In 1906, he became full professor, 
and in 1910, professor at Strassburg, and succeeded Heubner in Berlin 
in 1913. He published a histological study of degenerative processes 
in the liver (1890), lectures on the physician as educator of the child 
(1908, 3. ed., 1911) and with A. Keller, a great treatise on the nutrition 
and nutritive disorders of childhood and their treatment (1906).* 
In 1893, he studied the duration of gastric digestion. In 1906, he 
studied, with Keller, the change in the composition of maternal milk 
-when the breasts are not emptied, the harmfulness of fat and the prov- 
enance of fecal fat, and made, with Steinitz, a collective investigation of 
the nitrogen metabolism of infants. In 1906-8, he introduced his 
concept of an ‘‘exudative diathesis’”’ and the exanthems produced by 
ingestion of fat in this condition, which was confirmed experimentally 
by Steinitz and Weigert in 1910. Czerny also introduced the idea of 
long pauses in feeding the baby, and has created an individual school 
of pediatric thought by leading physicians away from exclusive 
contemplation of the infantile intestine and its contents to the inter- 
mediary processes of metabolism. 

Heinrich Finkelstein (1865-— ), of Leipzig, graduated in philos- 
ophy (1888) and medicine (1893) at Berlin, became assistant at the 
pediatric clinic in the Charité (1894), and is now professor in the 
University (1913), and is head physician to the Orphan Asylum and 
the Children’s Asylum. In 1902, he published an essay on infantile 
diseases due to trauma, in 1904, with L. Ballin, a monograph on the 
nursling-foundlings of Berlin and their institutional care, in 1905-12 
a two-volume treatise on diseases of nurslings, in 1906-10, a series of 
papers setting forth his theory of sugar and salt intoxication (alimen- 
tary fever){ with the introduction of albumin milk (Hiweissmilch), a 
mode of starvation feeding, which is employed until the intestinal 
disorder is relieved. Finkelstein’s initial theory that sugars are harm- 
ful (1906) has been modified by him to the effect that fat is only 


*Czerny and Keller, ‘‘Des Kindes Ernihrung, Ernahrungsstérungen und 
Ernahrungstherapie.” Leipzig and Wien (1906). 

} Finkelstein, Verhandl. d. Gesellsch. f. Kinderheilk., Stuttgart, xxiii (1906) 
p. 117. Jahrb. f. Kinderheilk., Ixv (1907), pp. 1, 263; lxviii (1908), p. 521; Ixxi, 
(1910), p. 525. ce 
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harmful when the intestines are irritated by carbohydrate fermentation 
(1910). In 1911, appeared his Arbeiten from the Berlin Children’s 
Asylum. Finkelstein, a man of broad philosophical education, is 
described as a keen, close observer and most remarkable clinton of 
the analytic type. Like several other eminent physicians, he early 
made his mark in geology (Abt). j 

Arthur Schlossmann (1867- ), of Dresden, who was simul- 
taneously director of the Pediatric Polyclinic and Infant’s Home at 
Dresden, and, in 1906, became professor and director of the Children’s 
Clinic at Diisseldorf, has written on rickets (1891), diphtheria (1894), 


@- 
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the differences between human and cow’s milk (1898), and the com- 
position of human milk (1900-1902), poisons and tuberculosis (1906), 
the care of infants in the first two years of life (1907), and stall hygiene 
(1909). He did most for the organization of infant hygiene on a grand 
scale. In 1908, he showed that the saliva of the newborn converts 
starch into sugar as soon as secreted. With H. Murschhauser, he 
showed the marked influence of muscular activity on heat production 
in the attempt to ascertain the basal metabolism of the infant (1908- 
14) ;* and investigated the fasting metabolism of infants, showing the 
pathological appearance of acetone in the urine, after 18 hours fast, 
from the privation of food carbohydrates (1913). He collaborated with 
M. von Pfaundler in a pediatric Handbuch, on the co-operative plan 


* Schlossmann and Murschhauser, Biochem. Ztschr., Berlin, xiv (1908), 
p. 369; xxvi (1910), p. 14; liti (1913), p. 265; lvi, p. 355; lviii (1914), p. 483. 
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(1906, 2d ed., 1910-12), which was translated into English under the 
editorship of Henry L. K. Shaw and Linnaeus E. La Fetra (1908, 2. 
ed., 1912). Schlossmann is co-editor of the Archiv fiir Kinderhetlkunde 
(1902), and the Zeztschrift fir Sduglingsfursorge (1910). ! ' 

Meinhard von Pfaundler (1872- ) director of the University 
Pediatric Clinic at Munich, investigated the anatomy of the suprarenal 

: glands (1892), the gastric capacity 
of infancy and childhood (1898), 
spinal puncture in children (1899), 
calcium absorption in _ rickets 
(1904,) and, with E. Moro, demon- 
strated that hemolysin is a normal 
constituent of different milks (1907.) 
He collaborated with Schlossmann 
in the above-mentioned Handbuch 
der Kinderkrankheiten (1906). His 
pediatric clinic at Munich is one 
of the best on the continent. 

Arthur Keller (1868- Ve 
Czerny’s assistant, has written on 
the care of illegitimate infants (with 
H. Reicher, 1909), infant nutrition 
(1901), infant welfare and child- 
protectionin England, Scotland.and 
Hungary (1911) and collaborated 
with Czerny in his massive treatise 

, on infant nutrition (1906). He 
his tec catiee ieee showed that breast-fed infants 
Hess, Chicago.) retain more (or excrete less) phos- 

phorus than the bottle-fed, which 
was confirmed by L. F. Meyer (1908) and by Knox and Tracy (1914). 
He also showed that carbohydrates make protein digestion more 
complete. In 1912, he edited (with Chr. J. Klumker), a collaborative 
history of infant welfare and child-protection in Europe by many 
hands. 

Leo Langstein, private-docent in pediatrics at the University of 
Berlin, graduated at Leipzig with a dissertation on albuminuria in 
older children (1897) and collaborated with L. F. Meyer in a sterling 
work on infant nutrition and metabolism (1910),* the clearest, most 
compact and most intelligible of all modern books on this subject. 
He investigated erepsin in the fetus (with Soldin, 1908) and showed 
(with Steinitz) the presence of lactose in all stools of enteritis (1909). 

Ludwig F. Meyer, Finkelstein’s pupil and privat-docent at Berlin, 
collaborated with Langstein in the above mentioned work on infant 
nutrition (1910), showed the retention of nitrogen for tissue-building 
in fasting infants and as the amount of protein in food isincreased 


*Langstein and Mayer, ‘“Sauglingsernahrung und Sauglingsstoffwechsel.”’ 
Wiesbaden (1910). 
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(1908), investigated infantile atrophy under different conditions and 
with different foods (1910) and showed that normal babies are able to 
digest fats, since there is no loss of fat or salts when fats in the food are 
increased (1910). Langstein and Meyer also did important work on 
alcaptonuria and the effect of sugar on infant nutrition. 

Hermann Briining (1874— ), professor extraordinarius of 
pediatrics at Rostock, where he habilitated with a dissertation on infant 
nutrition (1906), is the author of a history of artificial nutrition of 
infants (1908), a study of infant mortality in Mecklenburg-Schwerin 
(1909), and edited with E. Schwalbe, a collaborative Handbook of the 
General Pathology and Pathological Anatomy of Childhood (1912). 

Emil Feer (1864— ), of Aarau, Switzerland, settled as pediatrist 
in Basel (1892), became professor extraordinarius and director of the 
Pediatric Clinic at Heidelberg (1907) and later professor of pediatrics 
and director of the University Pediatric Clinic at Ziirich (1911). 
He wrote on the power of heredity (1905), diseases of the air-passages 
and respiratory organs in infancy (1906), the influence of consanguinity 
of the parents on the child (1907). In 1896, he showed that the 
nursling gets one-half its meal in the first five minutes of suckling and 
more than one-quarter in the next five minutes. In 1910, he published 
a concise and comprehensive Lehrbuch der Kinderheilkunde, containing 
contributions on infantile diseases and digestive disorders by Finkel- 
stein, blood and diathetic diseases- by Pfaundler, diseases of the 
air-passages and tuberculosis by Pirquet, diseases of the heart and infec- 
tious diseases by Feer, diseases of the genito-urinary organs by Tobler, 
diseases of the nervous system by Ibrahim, syphilis and cutaneous 

_diseases by Moro. This became so popular that it reached its third 
edition in 1914. 

Ludwig Tobler (1877-1915) of Ziirich, graduated at Ziirich (1902), 
became assistant in the pediatric clinic (1905) and professor extra- 
ordinarius (1911) at Heidelberg and later professor and director of 
the University Clinic at Breslau (1911). He investigated the axillary 
arch in man as a vestige of the mammalian panniculus carnosus (1902), 
studied the mechanism of gastric digestion (1905-6), the coagulation- 
time for casein in the stomach (1906), the duration of gastric digestion 
in infancy, using the X-ray (1908), and showed that fats delay the 
emptying of the stomach and that large amounts of fats cause pyloric 
spasm (1907). With Noll, he studied the calcium metabolism in 
infants (1910) and collaborated with Bessau in a work on the patho- 
logical physiology of nutrition and metabolism in children (1914).* 

Yussuf Ibrahim, director of the Hamidié Hospital, founded by 
Sultan Abdul Hamid II at Constantinople in 1898, and latterly of the 
Gisela Children’s Hospital at Munich, habilitated at Heidelberg with a 
dissertation on congenital stenosis (1905), wrote on rheumatism (1906) 
and nervous diseases (1911) in children, and in 1908 made an important 
contribution on the digestive ferments in the stomach, pancreas and 

* Tobler and Bessau, “Allgemeine pathologische Physiologie der Ernahrung 
und des Stoffwechsels im Kindesalter.”” Wiesbaden (1914). 
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intestines of the newborn infant.* He was the first to find enterokinase 
in the intestinal mucous membrane of the newborn (1908). 

Franz von Soxhlet (1848-1907), of Brinn, Moravia, professor of 
agricultural chemistry in the Technical High-School at Munich, has 
written on the physical chemistry of milk (1872), the nature of milk 
droplets (1876), metabolism of the calf (1878), fat formation from 
carbohydrates (1882), the chemical differences between human and 
cow’s milk (1893) and devised a method for estimating the fat-content 
of milk (1881) and the well-known method and apparatus for sterilizing 
infant’s milk (1886).+ Other valuable studies of milk have been made 
by C. O. Jensen (1903), Milton J. Rosenau (1908-12), K. Winslow 
(1909), Paul Sommerfeld (Handbuch der Milchkunde, 1909) and Janet 
E. Lane-Claypon (1912-13). 

In France, Pierre-Constant Budin (1846-1907), of Paris, who 
succeeded Tarnier as professor of obstetrics on the Paris Faculty (1898), 
has written on the sterilization of milk (1892), on lying-in women and 
the newborn infant (1897), a Manual pratique de Vallaitement (1905, 
2. ed., 1907), and a comprehensive treatise on the nursling (Le Nourris- 
son, 1900), which has been translated into English (1907), and is 
frequently drawn upon as a storehouse of interesting facts. 

Henri de Rothschild (1872- ), head physician of the Polyclinic 
H. de Rothschild and director of the Revue d’hygiéne et de pathologie 
infantile (1902), has written on sterilized milk in infant nutrition 
(1897), the hygiene and protection of childhood in Europe (1897), 
gastro-intestinal troubles in infancy (1898, 1904), L’allaitement mizxte et 
Vallaitement artrficial (1898), the hygiene of milk feeding (1899), the 
milk-industry (1903-4), has prepared an exhaustive and valuable 
bibliography of milk (Bibliotheca lactaria, 1901-2), and has edited a 
massive and sumptuous treatise on the hygiene and pathology of 
infancy, by various authors (1905). Rothschild is a sportsman, 
playwright and philanthropist-physician, whose activities in securing 
milk-depots for the poor of Paris are comparable with those of Nathan 
Straus in New York (1890). He was one of the first to found a “‘ Nurs- 
ling’s Consultation”? or ‘‘Mother’s Home” in Paris, which soon 
outgrew its modest home in the rue Picpus and, in December, 1902, 
acquired a splendid building in the rue Mercadet. In 1905 a brilliant 
banquet was given in his honor, at which his former teachers, Dieula- 
foy, Budin, Poirier, responded in terms of cordial praise. t 

Luigi Concetti (1854-1920), of Rome, a very active teacher, wrote 
much on pediatric instruction (1895-1911), and a treatise on infant 
hygiene (1903). Francesco Fede (1832-1913), editor of La Pediatria 
(1893), described the sublingual tumor (produzione sottolinguale) to 
which Riga of Naples drew attention in 1881 (Riga’s disease). 


* Ibrahim, Verhandl. d. Versamml. d. Gesellsch. f. Kinderheilk., deutsch. 
Naturf, u. Aerzte (1908), Wiesbaden, xxv (1909), pp. 21-42. 

} Soxhlet: Miinchen med. Wochenschr., xxxiii (1886), pp. 253, 276. 

{Hommage au Dr, Henri de Rothschild. Progrés méd., Paris, xxi (1905) 
3. 8, pp. 371-376. 
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_ In Russia, much work has been done on the physiology of infantile di i 

in “The Peculiarities of Childhood” by N. P. Gundobin (1912) ned eee a 
students’ theses of Glinsky (1895), Sotoff (1895), Wulfson (1898) Geptner (1900) 
Harge (1900) Debele (1901), Kovalski (1900), Snarsky (1901), Borisoff (1903), 
Heymann (1904), Sellheim (1904), and others (Morse and Talbot). 


Thomas Morgan Rotch (1849-1914), of Philadelphia, a medical 
graduate of Harvard (1874), eventually held the first professorship of 
pediatrics in that University (1888). He did much to give pediatrics a 
definite place in the medical curriculum, established the Infant’s 


ee ae 


Fig. 41.—Thomas Morgan Rotch Fig. 42.—Luther Emmet Holt 
(1849-1914). (1855-— Ns 


Hospital and the first milk laboratory (Walker-Gordon, 1891) in 
Boston, wrote an important pediatric treatise (1896) and was the 
pioneer of the clean milk idea in America. His Walker-Gordon 
laboratory was soon followed by similar aseptic establishments 
in London and elsewhere. He introduced the method of percentage or 
substitute feeding of infants (1896) in which fats, carbohydrates and 
sugar were given in dosage approximate to the needs of different babies. 
The doctrine of proteins, upon which the advocates of percentage 
feeding relied, was contravened by the purposeful Hiwezssmilch of 
Finkelstein, which (as although nearly free from lactose) was again 
evolved from the equally dubious doctrine of the indigestibility of 
sugars. Rotch also did some important work on pericarditis and 
pericardial punctures; and, toward the end of his life, made some 
researches on the physiological age of children, using X-ray pictures of 
the small bones of the wrist as a basis for an anatomical index of growth 
in relation to the “somatic” as opposed to the “‘chronological” age of 


the child (1907-10).* 


* For a good account of Rotch’s work, see A. Jacobi, Am. Jour. Dis. Child., 
Chicago, viii (1914), pp. 245-249. 
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Luther Emmet Holt (1855), of Webster, N. Y., a graduate of 
the College of Physicians and Surgeons, New York, and professor of 
diseases of children in the New York Polyclinic (1890) and the College 
of Physicians and Surgeons (1902), is an acknowledged leader of pedia- 
trics in this country, a strong executive and an able teacher and 
writer. He is the author of treatises on the Care and Feeding of 
Children (1894, 8th ed., 1915) and the Diseases of Infancy and 
Childhood (1896, 7th ed., 1916) and a large number of minor contribu- 
tions. He has been a principal advocate of home modifications of milk 
and pasteurized milk. In the laboratory study of infant metabolism, 


Fie. 43.—Henry Dwight Chapin Fic. 44.—Isaac Arthur Abt 
(1857- yi (1867— ) 


he has worked with P. A. Levene, Angela M. Courtney, D. D. Van 
Slyke and Helen L. Fales on the effect of high protein feeding (1912) 
casein feeding (1913), the chemical composition of diarrheal stools 
(1915), the excretion of magnesium sulphate (1915), human milk 
(1915) cod-liver oil in infantilism (1917) and fatty metabolism in 
infants (1919). Holt has also written a suggestive historical study 
of infant mortality (1913), and, with Miss Ellen C. Babbitt, a valuable 
statistical analysis of institutional mortality in the new-born based 
upon 10,000 consecutive births(1915). 
._ Henry Leber Coit (1854-1917), of Peapack, New Jersey, a graduate 
of ‘the College of Physicians and Surgeons, New York (1883) was the 
originator of the certified milk movement in the United States which 
he worked out in a dairy plant near Newark in the first fistanicet He 
tied saa an infant’s hospital at Newark. 

enry Dwight Chapin (1857— ), of Steubenville 1 - 
uate of the College of Physicians and Surgeons, New ae tae 
professor of pediatrics in the New York Post Graduate Medical School 
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and Hospital, was, with Jacobi, the principal advocate of standardized 
cereal gruels in infant feeding. He has studied the biological aspects 
of different milks, invented the Chapin milk-dipper, and is the author 
of a “Theory and Practice of Infant Feeding” (1902, 3d ed., 1909) 
Vital Questions (1909), and, with Godfrey Roger Pisek (1875-1921), 
of New York, a Treatise on Diseases of Children (1909, 4th ed., 1919). 
He has also written on the function of maternal milk in developing the 
stomach (1903), proteid incapacity in infant and child (1907), acidosis 
of intestinal origin (1916) and established the distinction between the 
gross caloric value of a food and its net caloric value, 7.e:, the energy 
required for its digestion and assimilation (1913). Chapin has done 
much in humanitarium work for the homeless infants of the poor in 
New York City. 

Isaac Arthur. Abt (1867— ), of Wilmington, Illinois, a graduate 
of the Johns Hopkins University (1889) and of the Chicago Medical 
College, Chicago (1891), was interne of Michael Reese Hospital (1891- 
3), did post-graduate work in Vienna and Berlin (1893-94), and has 
been professor of pediatrics in the Northwestern University, Woman’s 
Medical School (1909), Rush Medical College and the Michael Reese, 
Cook County and other Chicago hospitals. As the leading pediatrist 
in the West, he is widely known as a teacher, writer and editor. He is 
the author of ‘‘The Baby’s Food”’ (1917), and editor of the pediatric 
volumes in the Practical Medicine Series (1906-21). 


He has made a large number of investigations, notably of floating kidneys 
in children (1901), acute non-suppurative encephalitis (1906), rachitic erosions 
of permanent teeth as a resultsof infantile diseases (with Mortimer Frank, 1908), 
status of the kindergarten (1908), irritating effects of cathartic drugs in infants 
(1909), traumatic diabetes (1911), “starch-injuries” (1913), unusual types of acid 
intoxication (1914), 226 cases of chorea (1916), familial icterus in newborn infants 
(1916). He has also written an interesting history of the classification of gastro- 
intestinal diseases (1912). 


John Howland (1873-— ), of New York, a graduate of University. 
Medical College, New York (1897), and professor of pediatrics in the 
Medical Schools of Washington University, St. Louis, (1911) and the 
Johns Hopkins University (1912), has been a pioneer in American work 
on the fundamental requirements of infant nutrition. In 1910-11, he 
studied the chemical and energy metabolism of sleeping children, 
substituting direct calorimetry for computations from heat-measure- 
ment, and in 1913, he devised a formula for estimating the area of body 
surface in connection with infant metabolism. He assisted Holt in the 
sixth and seventh editions of his pediatric treatise (1911, 1919,) and 
with his talented associate, William McKim Marriott (1885- ), has 
made important studies on acidosis and acetone-body production in 
children’s diseases (1916) and the calcium content of the blood in 
rachitis and tetany (1916). Marriott has devised methods for deter- 
mining the alkali content of the blood plasm (1916) and the alveolar . 


carbon dioxide (1916). 
John Lovett Morse (1865- ), of Taunton, Mass., a graduate of 
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Harvard (1887), and of Harvard Medical School (1891), practised in 
Boston (1892) and became instructor in pediatrics in Harvard Medical 
School (1903-6), assistant professor (1806-15) and professor (1915). 
An unsurpassed clinician, he has written a great number of papers from 
his large experience, culminating in his Case Histories in Pediatrics 
(1911, 2d ed., 1913), in which the subject 1s taught inductively by the 


Fic. 45.—John Howland (1873- _). Fic. 46.—John Lovett Morse 
C1S6G5 2 19). 


synthetic method. He is also the author of the Care and Feeding of 
Children (1914), and of studies on the overheating of food as a cause of 
scurvy (1906-14) and on casein dyspepsia (1913); and has collaborated 
with Fritz Talbot in the Diseases of Nutrition and Infant Feeding 
(1915, 2d ed., 1920), a book in which the history of the subject is deftly 
interwoven, with valuable footnotes, as in Schaefer’s Physiology. 
Fritz Bradley Talbot (1878— ), of Boston, a graduate of Harvard 
(1900) and Harvard Medical School (1905), after clinical experience in 
the Children’s Hospital, Boston (1905) and the Massachusetts General 
Hospital (1905-7), was Morse’s assistant for three years, at the same 
time doing work in biological chemistry at Harvard. He is now 
instructor in pediatrics in the Harvard Medical School, was visiting 
physician to the Boston Floating Hospital (1909-14) and since 1909 
has been chief of the Children’s Medical Department at the Massa- 
chusetts General Hospital. Well-grounded in. the best type of Amer- 
rican training, Talbot has attacked some difficult problems. In 1909-10 
he investigated the large and small curds in infants’ stools showing, 
by serologic methods, that the large bean shaped curds, originally éxain- 
ined by Biedert (1888), are composed of casein, the small soft curds 
examined by Uffelmann (1881), Fr. Miiller (1884), Escherich (1888), 
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being made of fatty acids or soaps. In 1912, he began his studies on 
the gaseous interchange and general metabolism of infants with 
Francis Gano Benedict (1870- - ), of Milwaukee, director of the 
Nutrition Laboratory of the Carnegie Institution of Washineton 
resulting in two monographs on the Gaseous Metabolism of Infant 
(1914) and the Physiology of the New-born Infant (1915). Talbot 
has also. investigated the effect of lactose on nitrogen metabolism 


Fic. 47.—Fritz Bradley Talbot Fie. 48.—John Ruhrah (1872- My 
(1878— : 


(with L. Hill, 1914), the energy metabolism of the decerebrate infant 
(1915) and the cretin (1916-18), the protein metabolism of infants (with 
J. L. Gamble, 1916), and the relation of asthma in children to ana- 
phylaxis (1914-16). He collaborated with Morse in the book on 
infant nutrition above mentioned (1915, 2d ed., 1920). 

; John Ruhrah (1872- ), of Chillicothe, Ohio, a graduate of the 
College of Physicians and Surgeons (Baltimore, 1894), did post- 
graduate work at the Johns Hopkins, the Pasteur Institute, Paris 
(1897) and in other European schools (1900-1901), was quarantine 
physician of the port of Baltimore (1898-1900), where he is now profes- 
sor of pediatrics in the University of Maryland Medical School and in 
the College of Physicians and Surgeons. He made the first collective 
investigation of actinomycosis in the United States ( 1899-1900), 
introduced the soy bean in infant dietetics (1909), and is the author 
of a useful manual of the Diseases of Infants and Children (1905, 
Ath ed., 1914) with Julius Friedenwald, Diet in Health and Disease 
(1905, 5th ed., 1919) and Dietetics for Nurses (1905, 4th ed., 1917) and, 
with Erwin F. Mayer, a treatise on ‘“ Poliomyelitis in all its aspects” 
(1917). He has been active in medical library work, was instrumental 
in the erection of the new Library building of the Medical and Chirur- 

Vou. I—10 


146 HISTORY OF PEDIATRICS 


gical Faculty of Maryland and is editor of the Bulletin of the Medical 
Library Association (1911). 

Bert Raymond Hoobler (1872- ), professor of pediatrics in the 
Detroit College of Medicine and Surgery, has done important work on 
the retention of mineral salts in infant metabolism (1911), the effect 
of protein diet on the product of human milk (1917), and is the deviser 
of an adjustable metabolism bed (1912) and a device for standardizing 
blood-pressure readings (1912). He also investigated the metabolism 
of ten hospital infants and devised a respiration incubator for the 
energy metabolism of infants (1915) with John R. Murlin (1874— Ns 
who has also studied the metabolism of development (1910) and the 
metabolism of mother and child just before and after birth (with 
Carpenter, 1911). 

Alfred Fabian Hess (1875- ), clinical professor of pediatrics in 
the University and Bellevue Hospital Medical College, devised a 
duodenal tube and catheter (1911-12) and investigated infantile 
jaundice (1912), allergy to common foods (1912), the leucocyte count in 
pneumonia and meningitis (1914), pylorospasm and allied spasm (1914), 
gastric exploration (1914-15), protective therapy for mumps (1915) 
and has recently made extended studies of infantile scurvy 
(1916-19), summarized in his treatise of 1920. 

Julius Hays Hess (1876— ), professor of pediatrics in the 
College of Medicine, University of Illinois, and chief of the pediatric 
staff at Cook County Hospital (Chicago) is the author of recent books 
on infant feeding (1918, 2nd ed. 1919) and on premature and con- 
genitally diseased infants (1921). 

Of other work in this field, it is sufficient to mention that done in the Russell 
Sage Institute of Pathology by Graham Lusk, Eugene F. Dubois, Delafield Dubois 
and Frank C. Gephart on clinical calorimetry (1915-16), the method of estimating 
fats devised by Gephart and F. A. Csonka (1914), the linear formula of Delafield 
Dubois for calculating the surface area of the body (1915), the investigations of 
EK. F. Dubois on metabolism in boy-scouts (1915-16), the survey of Lucy H. 


Gillett on evidence regarding food allowances for healthy children (1910) and 
of Gillett and Sherman on Adequacy and Economy of Some City Dietaries (1917). 


BACTERIOLOGY AND SEROLOGY 


The work of Pasteur, Koch and Lister brought about some striking 
improvements in practical pediatrics. The studies of the great 
Viennese pediatrists, Bednar and Ritter von Rittershain, upon the 
intestinal toxemias and wound-infections of infancy were carried for- 
ward into direct prophylaxis by Epstein, who instituted the most rigid 
aseptic procedure, an absolute surgical cleanliness, in the hygienic 
management of the wards in foundling asylums and their inmates, 
lowering the mortality, during 14 years, from 30 to 5 per cent. Prior 
to this period, Gottfried Eisenmann had suggested the instillation of 
chlorine water to prevent infantile conjunctivitis (18380), which was 
neglected until the obstetrician, C. S. F. Credé (1819-61) introduced his 
silver nitrate solution (1884). Ignaz Philipp Semmelweis (1818-65) 
made himself immortal by his precautionary measures against puer- 
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peral septicemia (1847-61), which was followed by the carbolic acid 
solution of Etienne Tarnier (1881). Pediatrists trained in technical 
chemistry, like Schlossmann, took up the hygiene of stalls and of milk 
and the milk-supply, so that infant life was truly surrounded, in 
hospital at least, by every aseptic precaution. In 1886* Theodor 
Escherich (1857—1911)+ of Munich, a pupil of Gerhardt, professor at 
Graz (1890, 1894) and Vienna (1902), where he succeeded Widerhofer, 
published the first treatise on the intestinal bacteria of infants, a classic 
work which is still a monument of research. It was based upon his 
' new method of isolating bacteria } 
in infantile feces (1884). The 
infant’s mouth (sterile at birth) is 
infected by the bacteria from the 
mother’s vagina during labor, and 
from the air, nipples, milk and other — 
foods after birth. Escherich de- 
scribed the swarming bacterial flora 
of the intestines and gave the first 
account of bacillus coli infection. 
Other bacteria, such as the Bacil- 
lus bifidus of Tissier, the bacillus 
acidophilus of Moro, the Welch 
bacillus and the peptonizing bacillus 
of Rodella have since been found. 
Noguchi has changed the bacillus Fic. 49.—Theodor Escherich (1857— 
bifidus into b. acidophilus and back 1911). (Courtesy of Dr. J. H. Hess, 
again (1910), and while it has been ©h!*28°-) 
difficult to prove pathogenicity of the infantile strains in laboratory 
cultures, Escherich, in 1900, described an epidemic of severe diarrhea 
(blaue Bacillose) from the normal acidophilic flora of the infantile 
intestine, which, in the view of Moro (1905), demonstrates the possi- 
bility of endogenous infection. In 1900, Escherich advanced the 
hypothesis that the bacterial changes in the intestine, exogamous or 
endogamous, may set up a mild intoxication or “chymus infection,” 
an afebrile, acid mucous diarrhea (the ordinary banal gastro-enteritis), 
which may be followed by a secondary infectious, toxic gastro-enteritis, 
the equivalent of the various dyspepsias and intestinal catarrhs of the 
past. In 1889, he tabulated the nutritive requirements of infants by 
age. In,1902, he maintained that sugar is harmful to the infant as 
being a culture-medium for the growth of pathogenic bacteria of the 
intestines.t In 1892, Paul Ehrlich (1854-1915) showed that immunity 
is transmitted to the infant through the maternal milk; that artificial 
immunity can only be acquired through the milk, and that immunity 

* Escherich, “Die Darmbakterien des Sauglings.” Stuttgart (1886). 

+ For biography of Escherich, see Finkelstein, Deutsche med. Wochenschr., 
Leipzig and Berlin, xxxvil (1911), p. 604; Pfaundler, Miinchen med. Wochenschr., 
Ivii (1911), pp. 521-528; von Pirquet, Ztschr. f. Kinderheilk., Berlin, i (1910-11), 


pp. 423-441 (with bibliography). : Fe 
t Escherich, Deutsche Klinik, Berlin, vii (1902), p. 126. 


148 HISTORY OF PEDIATRICS 


may be transmitted by milk of the same species but not by milk 
of another species. Jules Bordet, in 1899, showed that injection of 
cow’s milk into other animals produces a precipitin in the blood for the 
albuminous bodies of cow’s milk, which it coagulates. August von 
Wassermann (1866— ) showed that the proteins of different 
animals are different, 7.e., that the blood serum of animals sensitized to 
cow’s, human or other milks will precipitate that particular milk and 
no other (1900). Clemens von Pirquet (1874- ), former professor 
of pediatrics in the Johns Hopkins University and at Breslau (1900), 


Fie. 50.—Clemens von Pirquet Fic. 51.—Julius Parker Sedgwick 
(1874— ye (1876— Ne 


and director of the University Pediatric Clinic at Vienna (1911) intro- 
duced the cutaneous reaction to tuberculin (1907), which is of great use 


in the diagnosis of infantile tuberculosis; developed the doctrine of. 


allergy (1907-11) and “‘serum disease’’ (1905-7) ; and the doctrine of 
feeding by nems (energy in 1 ce. of milk), estimated bya height: weight 
ratio, in place of calories (1917). In this connection the formula of 
George Dreyer for the relation of vital capacity to body weight and 
surface (1919) is important. Pirquet’s assistant, B. Schick, dis- 
covered the cutaneous reaction for estimating the extent of antitoxin 
producing power in the blood (1910). Ernst Moro demonstrated 
the presence of an amylolytic ferment in the pancreas of the new- 
born (1898), showed the rapid increase in starch-digesting power in 
the first week of life (1898), showed that the blood of breast-fed infants 
is more bactericidal than that of the bottle-fed, maintained the doctrine 
of endogenous infection from the normal bacterial flora of the infantile 


intestine (1905-7), introduced the skin reaction with tuberculin (1908): 


and a specific reaction for human and cow’s milk (1912). 
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William David Booker (1844), of Virginia, clinical professor of 
pediatrics in the Johns Hopkins University (1897), investigated 
the bacteriology and pathology of the summer diarrheas of infants in 
1888-96. 

Oscar Menderson Schloss (1882- ) of Cincinnati, professor of 
pediatrics in the Medical Department, Harvard University, has done 
some remarkable work on the relation of the metabolism of nitrogen, 
phosphorus and the purin substances to uric acid infarcts in the kid- 
ney (1911-16), on protein sensitization to eggs and other food 
products (1915), and the permeability of the gastro-enteric tract of 
infants to undigested protein (1916). Julius Parker Sedgwick 
(1876— ), of Wrightstown, Wisconsin, a graduate of Rush Medical 
College, Chicago (1899) and, professor of pediatrics in the University 
of Minnesota (Minneapolis) discovered a fat-splitting ferment in the 
stomach contents of the newborn infant (1906),* has investigated 
recurrent vomiting (1912), spasmophilia in children (1912-16), 
oxalic acid excretion in the urine of children (1915), the uric acid 
content of the blood in the newborn (1917) and has shown (with 
W. P. Larson) that the complement-fixation test with the bacillus 
abortus is present in the blood of women who have aborted and in 
the blood of many children (1913-15).¢ William Palmer Lucas 
(1882- ), professor of pediatrics in the University of California 
Medical School, San Francisco, has studied the cytology of meningitis 
(1911), rheumatic endocarditis in infants (1914), the blood picture in 
the diagnosis of measles (1914) and has made a special study of the 
delinquent: child. David Murray Cowie (1872- ), professor of 
pediatrics in the University of Michigan Medical School (Ann Arbor) 
has studied the serum disease (1914) and the intradermal reaction to 
diphtheritic antitoxin (1916); and Borden Smith Veeder (1883- 5 
associate professor of pediatrics in the Washington University Medical 
School (St. Louis) has investigated the metabolism of infants (with 
C. A. Fife, 1911), the bacteriology of the intestinal diseases of infancy 
(1912) and, with M. R. Johnston, the frequency of infection with the 
tubercle bacillus (1915), the chemistry of urine (1916) and the creatin 


and creatinin content of the blood (1916). 

Kenneth Daniel Blackfan (1883-— ) has investigated the skin reaction from 
proteins in eczema (1916), and, with Walter E. Dandy, the pathology of internal 
hydrocephalus (1914-17). Mathias Nicoll, Jr., professor of infectious diseases in 
the University and Bellevue Hospital Medical College, New York, has done good 
work on scarlatina (1911) and poliomyelitis (1917) in children, and (with Josephine 
Pratt) on the infectivity of the bacillus abortus in man (1915).f Henry Fred 
Helmholz (1882- ) pediatrician at the Mayo Foundation, Rochester, Minne- 
sota, has investigated hippuric acid in infants’ urine (with 8. Amberg, 1913) 
the infectious nature of duodenal ulcer (with L. Gerdine, 1915) and the bac- 
teriology of the urine (with C. Beeler, 1916). In Jacobi’s clinic in the German 


* Sedgwick, Jahrb. f. Kinderheilk., Ixiv (1906), p. 194. Arch. Pediat., xxill 
(1906), pp. 414-425. ; 

+ Larson and Sedgwick, Am. Jour. Dis. Child., Chicago, vi (1913), p. 326; 
x (1915), p. 197. 

tNicolland Pratt. Jbid., x (1915), 203-205. 
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Hospital, New York, an auto-serum treatment for chorea has been tried out by 
‘Abraham L. Goodman (1916). 


INFANT MORTALITY AND INFANT WELFARE 


“De tout temps, l’absence de la mére et la privation du sein et des soins mater- 
nels ont été le grand danger et la principale cause de la mort de l’enfant au berceau.” 
Théophile Roussel. 

Toward the end of the eighteenth century, the subject of infant 
mortality and its causes, shamefully neglected in preceding AES, began 
to engage the attention of observing physicians. In a Swedish royal 
decree of 1748, the attention of the state authorities is directed to the 
high infant mortality existing in Stockholm and elsewhere, and one of the 
causes assigned for it is the lack of proper medical care of the poor.* 
In 1773, we find a dissertation of Verardo. Zeviani, at Verona, Delle 
numerose morte dei bambini. An inquiry into the causes and the best 
preventive measures, by J. Ballexserd, of Geneva, follows in 1775. 
This is translated into German (1776), and followed by eight contribu- 
tions of other writers (in Meissner’s lists). In the early nineteenth 
century, we find Meyer Abrahamson (1806), John Clarke (1815), 
John Bunnell Davis (1817), John Robertson (1827), Wilhelm Rau 
(1836), Oertel (1838), and many others writing upon this theme. 
In his Commentaries (1815), John Clarke judges of infant mortality 
from the burial records: 

“Nearly a fourth die under two years of age, and, of the survivors, about 
a fifth in the succeeding eight years, that is under ten years of age . . . More 
than a third of all the burials are of children under two years of age.”’ 

These are generalizations from the older ‘bills of mortality”’ 
established by Henry VIII (1538). The appalling rates of infant 
mortality in eighteenth century England, Ireland and France have 
already been given. Underwood saw clearly that ‘‘The destruction 
of infants is eventually the destruction of adults, of population, wealth 
and everything that can prove useful to society or add to the grandeur 
of a kingdom.’’ Queen Anne lost all her eighteen or nineteen children, 
and Gibbon, the sole survivor of seven children, regarded the death of a 
newborn child as, ‘‘an unnatural, but strictly a probable event” 
(Holt). The mathematician D’Alembert lived to disown his unnatural 
mother, who had abandoned him in the streets, and to tell her that the 
poor glazer’s wife, who had brought him up to manhood, was his real 
mother. In the “Cursory Inquiry” (1817) of John Bunnell Davis, 
whom Holt regards as the most prominent pioneer in keen thought 
upon infant mortality,t the conditions associated with mercenary 


* Medin, O., Jahrb. f. Kinderheilk., Berlin, Ixxiv (1911), p. 490. 

t Holt, L. E., Proc. Am. Assoc. Study & Prev. Inf. Mortal. (1913), p.33. Fora 
full account of infant mortality and infant welfare activities in Europe, see Saug- 
lingsfiirsorge und Kinderschutz in den europiischen Staaten, hrsg. von Arthur 
Keller und Chr. J. Klumker, Berlin (1912). For American developments see 


se Ingen in A Half Century of Public Health (Ravenel) New York, 1921, 
322. 
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wet-nursing are clearly recognized as the cause of most infants’ deaths 
maternal nursing as their best safeguard. Davis founded the only 
English public dispensary for children in his day, and had a remarkable 
prevision of modern social service in his idea of visitations by benevo- 
lent ladies among the poor for the purpose of looking after sick children 
and instructing ignorant mothers in the art of properly caring for their 
infants. Prior to Davis, Richard Watt (1813) investigated the relative 
mortality from children’s diseases in 1783-1812, and concluded that 
“more than half of the human species died before they were ten years 
of age and of this half more than a third died of smallpox,’’ which he 
assumed to be replaced by measles and other infections.* Although 
the introduction of vaccination brought about some temporary lower- 
ing of infant mortality in the Napoleonic period, this good result was 
soon nullified by certain realignments in the modern social order of 
things. The French and American Revolutions brought on social 
democracy and industrialism. The vast improvements in mechanica! 
arts and machinery, with the rapid movement of the rural population 
to cities as a consequence, created a huge manufacturing class, which 
was in turn absorbed by a grasping capitalistic régime with a numerous 
industrial proletariat as its vassals. The skilled artisan of the past 
was ruined by the large manufacturer, who, later on, was destined to be 
devoured by the capitalist. The need for cheap labor brought thou- 
sands of women into workshops and other fields of activity. As a 
reaction from the misery and ennui of lonely life on the farm or in the 
squalor of slums and tenements, and in consequence of the increased 
cost of living in cities, there was a great increase of prostitution and, 
therefore, of venereal disease. These factors influenced infant mortal- 
ity in three ways: 1. Work away from home in factories caused mothers 
to neglect their children, who were thus exposed to the dangers of 
hand-feeding or of mercenary wet-nursing. 2. Factory life, under 
unsanitary conditions, told severely upon the health of the mother 
and consequently upon the child. 3. Exposure to venereal infection 
either destroyed the child itself or ruined its health ‘at the start. In 
William Farr’s data of infant mortality in 1860-61 cited by Holt,t+ 
the number of deaths per 1000 registered births was: Sweden, 141; 
Scotland, 149; England, 170; France, 223. In other words, infant 
mortality was lowest in the cold, bracing climates of Scotland and 
Sweden, where poverty and a hardy mode of life made it natural and 
necessary, for mothers to nurse their own children; higher in England, 
where manufacturing interests brought about hand-feeding; highest 
in France, where the evils of mercenary wet-nursing and baby-farming 
were everywhere rampant. “In one province of Finland, where the 
mortality was excessive, investigation showed a great lack of maternal 
nursing” (Holt). Wartime statistics show that when women lose 


* See the “Historic Note’ of A. K. Chalmers in National Health Insurance 
Medical Research Committee, “The Mortalities of Birth, Infancy and Child- 
hood.” London (1917), p. 10 eé seq. 

t+ Holt, op. cit., p. 35. 
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employment through depression of business, the infant mortality rate 
inevitably falls, even though the general death rate (as during the siege 
of Paris) is doubled, for the simple reason that mothers out of employ- 
ment are driven back to breast feeding because they cannot afford to 
purchase milk for hand feeding. Holt emphasizes the benign effect of 
the sheer cheapness of breast feeding in this relation and among the 
poorer classes generally. In the present European war, increased 
employment of women in.the munition factories increased the rate of 
infant. mortality in France (Budin), but not in England. In 1859-61, 
Sir John Simon and others showed that the infant mortality curve rises 
in direct proportion to the extent of maternal employment. As shown 
in Rousseau’s Emile, this is equally true of the allurements of the 
beau monde, politics, women’s clubs and other feminist activities. 
“ Joie de rue, douleur du maison.”’ So far as infant welfare is concerned, 
the mater togata becomes a home-breaker rather than a home-maker. 
The infant has a much better chance of surviving in rural or suburban 
districts than in the crowded cities, but as John Burns says, town life is 
not necessarily bad, ‘‘given good mothering, good food and plenty of 
it.”’ Ashby* shows that infant mortality in the crowded Jewish 
quarters of towns is always low, in spite of overcrowding, defective 
housing and poverty, because the Jewish people set a great deal of 
store by home life and affection for children is strong among them. 
Infant mortality is very low in rural Ireland where maternal love is 
strong through the attractive human side of the women, and where 
poverty induces breast feeding. It is also low in some parts of rural 
England. During 1730-79, as Edmonds showed, the London mortality 
rate under 5 years was 66.2 per cent., during 1780-1829 only 37.7, while 
in 1911-15, it had fallen to 16.8 (Chalmers). About i870, there began 
to be a uniform decline in infant mortality, for reasons given below, 
but there was no general fall until 1900, as shown by the following 
tables of five-year mortality in different countries (cited by Holt) :+ 


England | Ireland ee | France | Germany | Italy | Belgium | Norway | Sweden 
1881-5 129 94 117 167 | 207 175 156 99 116 
1886-90 145 95 121 166 | 208 175 163 96 105 
1891-5 151 102 126 171 205 185 164 98 103 
1896-1900 156 106 129 159 201 168 158 96 101 
1901-5 138 98 120 139 190 168 148 81 92 


The infantile mortality rate per 1000 for England and Wales during 
1900-1921 was 154 (1900), 151 (1901), 133 (1902), 132 (1903), 145 
(1904), 128 (1905), 133 (1906), 118 (1907), 121 (1908), 109 (1909) 
105 (1910), 130 (1911), 95 (1912), 108 (1913), 105 (1914), 110 (1915), 
91 (1916), 96 (1917), 97 (1918), 89 (1919), 80 (1920), 83 (1921). A 


*'T. Ashby, Hugh, ‘Infant Mortality.” Cambrid 
y, 1 ‘ ge (1915) . 25-26. 
t Holt, op. cit., p. 38, footnote. ak: $ 
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sudden ascent of the curve in 1904, 1906, and 1911 is attributable to 
unusually dry, hot summers, or other conditions inimical to infant 
welfare, but a laudable decline in the rate is noticeable. The causes 
of this decline since 1870 and particularly since 1900 are simple. 
After the introduction of Listerism (1869-70), surgical cleanliness 
became more and more popular, and to some extent affected milk and 
stall hygiene. In the same period, the causes of infant mortality, 
especially from diarrhea were carefully studied, and medical officers 
of health generally attempted to remove the conditions favoring it. 
From 1900 onward, the movement for infant welfare, a sort of twen- 
tieth century science, because well established. The infant welfare 
movement is mainly of French origin. Along with tae decline of 
pediatrics as a specialty in England and France there has grown up 
an extension of social or preventive pediatrics, which is one of the 
brightest phases of modern medicine. This has been due to the fine 
humanitarian spirit of certain French and English writers and 
publicists and to the brilliant modern group of talented English 
public health officers, whose labors have more than set off the curious 
disinclination of the English physician to practise pediatrics in and 
for itself. On November 14, 1884, Firmin Marbeau (1798-1875), 
mayor of the first arrondissement of Paris, founded the first créche 
or day-nursery, where working mothers could leave their infants 
in willow cradles, usually in charge of a nun, with two attendants 
to rock the cradles. Nine other créches were founded in Paris 
during 1844-47. In 1847, a Soczété des créches was formed, and the 
idea, spread from France to Austria, Italy and Germany. There are 
now créches all over Europe, usually supported by private benevolence. . 
The principal service of créches, according to Holt, has been to arouse 
the interest of the public in regard to infant welfare and the needs of 
working mothers. In 1862, Victor Hugo published his great epic of the. 
misery of the poor (Les Misérables) and in 1869, another brief for child 
protection (L’homme qui rit). If it be true, as Schiller says, that “the 
brave man thinks of himself last of all,” there can be no more poignant 
moment in literature than the feeling of the long-imprisoned Jean 
Valjean that the children confided to his care will have disappeared 
from life and that he will never see them again. In the beautiful 
episode of Cosette, the evils of baby-farming are laid bare, and Jean 
Valjean attains to his full spiritual stature through his friendship for a 
forlorn little child. These tokens of an enlarged interest in friendless 
children, preceded in England by Oliver Twist (1837-38), Nicholas 
Nickleby (1838-39), Old Curiosity Shop (1841), A Christmas Carol 
(1841), and David Copperfield (1850), were not without their sequel. 
Sir Robert Peel’s Factory Health and Morals Act of 1802 for the 
preservation of the health and morals of apprentices and employees in 
cotton mills had little effect upon the terrible hardships endured by 
English factory children since the eighteenth century. In the vigorous 
humanitarian agitation against child labor which followed, it was 
shown that children bound to apprenticeship were, on occasion, 
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actually sold into slavery with the effects of a bankrupt, or transferred 
from one hard-hearted, tight-fisted taskmaster to another; that 
“‘eruelties the most heart-rending were practised upon the unoffending 
and friendless creatures who were thus consigned to the charge of 
master manufacturers; that they were harassed to the brink of death 
by excess of labor, that they were flogged, fettered and tortured in the 
most exquisite refinement of cruelty; that they were in many cases, 
starved to the bone while flogged to their work; and that even, in some 
instances, they were driven to commit suicide.”* It took all the 
spirited zeal of Robert Owen (1812-29), all the passionate eloquence 
of Richard Oastler (1829-33) and M. T. Sadler (1829-35), all the able 
pamphleteering of William Cobbett and John Fielden (1836), all the 
tact and dignity of Peel and Lord Ashley to finally reduce the number 
of working hours and alleviate the condition of these unfortunates, 
through the Factory Acts of 1819, 1833, 1844, 1864, 1867, 1874, 1878, 
and subsequently. Infant mortality was vigorously discussed at the 
Dublin meeting of the National Society for the Promotion of Social 
Science (1861), at the Philadelphia meeting of the Social Science Associ- 
ation (1871), at the International Congresses of Hygiene at Brussels 
(1876), Paris (1878), and later. In 1865, the Soczété protectrice de l’en- 
fance was organized in France and in 1876, the Society for Nursing 
Mothers (Soczété d’allaitement maternel). In 1872, the English ‘‘Life 
Protection Act”’ was passed requiring registration, licensing and inspec- 
tion of all places where infants were farmed out away from their parents. 
In 1874, came the famous loz Roussel, for the protection of infants sent 
into the provinces from* Paris for wet-nursing. This law required 
government inspection of all places where infants under two years were 
farmed out, nursing rooms and créches for all nursing mothers working 
in factories and inspection of the same. About 20,000 infants had been 
sent out in this way, with a subsequent mortality of 75 per cent. The 
author of this splendid piece of progressive legislation was a physician, 
Théophile Roussel, the most eminent of medical statesmen, and a fore- 
runner of the time predicted by Jacques Loeb, when scientific men will 
have a voice in legislative assemblies. 

Théophile Roussel (1816-1903), the son of a country doctor in the 
department of Lozére, graduated in medicine at the Paris Faculty with 
a dissertation on pellagra (1845), a subject which he subsequently 
handled in two large treatises (1845, 1866), made valuable researches 
on the hygiene of workers in match factories (1847), the mercury 
miners at Almaden (1847-49) and other occupations, and wrote a life of 
Pope Urban V (1841), a manual of match fabrication (1847), a Con- 
cours on the value of physical signs in heart disease (1847) and studies 
on correctional and preventive education (1879). In 1845, he went 
into politics and was elected to represent his native department of 
Lozére (1849). Being a republican, he gave up his seat after the coup 


* Fielden, John, “The Curse of the Factory System.’”’ London (1836), p. 10, 
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d état (1851) and did not seek election until after the events of 1870-71 
when he became deputy from the arrondissement of Florac (1876) and 
senator in 1879. In 1872, he took the initiative in a law for suppressing 
public drunkenness, which was followed by the three crowning achieve- 
ments of his life, the laws of De- 
cember 23, 1874, for the protection of 
infants sent out to nurse (loi Roussel),* 
of July 25, 1889, for the protection of 
morally abandoned or maltreated 
children, and of July 17, 1893, for the 
organization of medical charity. He 
was honorary president of the Société 
protectrice de Venfance in 1893. On 
December 20, 1896, a touching jubilee 
was held in his honor at the Sorbonne. 
Disclaiming any credit for himself, 
Roussel said, with charming simplicity: 
“Mest la féte de Protection de 
LEnfance.”” Modest to a fault, he 
demanded that no eulogies be pro- 
nounced at his funeral, but an inspec- 
tor general returning from his native Fre, 52.—Théophile Roussel 
Lozére said: ‘‘That is a land where (1816-1903). 
there are no orphans, for those who 
have lost their parents have le pére Roussel to take care of them.” 
The ruling principle of Roussel’s life was to translate charitable 
sentiment into enacted law. Through his persuasive eloquence and 
his personal charm, he came to be known as “the advocate of 
abandoned children.”’+ 

Following the loi Roussel came a long series of laws for the protec- 
tion of maternity, forbidding the employment of women in factories for 
a statutory period before and after confinement. The initiative was 
taken by Switzerland in a law of 1877, requiring a rest of two weeks 
before and six weeks after the birth of the child, the pre-natal period 
being lengthened by a law of 1897. This example was followed by 
Hungary (1884), Austria (1885), Holland (1889), Belgium (1889), 
England (1891), Germany (1891), Portugal (1891), Norway (1892), 
Spain (1900), Sweden (1901) and Denmark (1901) (Holt). The first 
consultation for nurslings (consultation des nourrissons), an adjunct 
to maternity hospitals at which infants are regularly weighed and exam- 
ined and mothers instructed in infant nutrition and hygiene, was 
organized by Pierre Budin at Paris in 1892. In 1893, Variot began to 
distribute milk at the Dispensaire de Belleville (Paris). The first milk 
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* For the text of the loi Roussel and subsequent infant welfare legislation in 
France, see Sauglingsfiirsorge und Kinderschutz in den europdischen Staaten 
(Keller and Klumpke), Berlin (1912), pp. 1266-1325. : 
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depot (goutte de lait) was established at Fécamp by Dufour in July, 
1894, with the object not merely of distributing clean milk to indigent 
mothers, but of encouraging breast-nursing in every way. Holt lists 
the following national and international conferences on infant welfare: 


“The National Congress for Infancy at Florence in 1896; the League against 
Infant Mortality, Paris, in 1902; the International Congress of Milk Depots, in 
Paris, in 1905; the National Conference on Infant Mortality, in London, in 1906; 
the International Union for the Protection of Child Life, in Brussels, in 1907; a 
large exhibit in Berlin in 1908, portraying the problem of infant mortality in all 
its phases; a second National Conference on Infant Mortality, in London, in 1908; 
the German Society for the Protection of Infants, in Munich, in 1909; the American 
Association for Study and Prevention of Infant Mortality, organized at New Haven 
in 1909; the Third International Congress for the Protection of Infant Life, in 
Berlin, in 1911; the English-speaking Conference on Infant Mortality, in London, 
in 1913.”’* 


For the widespread awakening of interest in infant mortality, as 
indicated by these foregatherings, Holt assigns three causes, v7z., the 
growth and extension of the humanitarian spirit, the concern of modern 
states about depopulation, and the great advances made in preventive 
medicine during the last thirty years. It is not without reason that 
France has been the pioneer and principal advocate of infant welfare 
activities, for the steady falling in the French birth rate could only 
spell national and racial extinction in the end. And from France came 
the most impressive lesson in the science of attacking the problem of 
infant mortality at its source. During the ten years 1893-1903, the 
infant mortality of Villiers-le-Duc, a small village in the Céte d’Or of 
France, was known to be a stable zero. This came about in the follow- 
ing way. During the period 1804-54, the rate of infant mortality in 
Villiers-le-Duc fluctuated between 30 and 20 per 100. During the 
period 1854—63, however, it fell to a steady 15 per 100. This was due 
to the fact that the mayor of the little commune, M. Morel de Villiers, 
was interested in hygienic problems, and applied certain rational 
principles to the welfare of the babies in his district. After his death 
(1886), his two successors took no interest in these matters and the 
infant mortality rate immediately went up to 30 again. In 1884, his 
son, M. Morel de Villiers, an ex-army officer, became mayor, and 
applied his father’s methods to such good purpose that the mortality 
rate immediately fell to 15.4 per 100 during 1884-93, and to zero during 


1893-1903. In the meantime, M. Morel had studied and graduated in 
medicine. 


The methods of the father were, in brief, the insurance of every woman with 
child, married or unmarried, at the expense of the mayoralty by the declaration of 
pregnancy before the seventh month; the assurance of free medical aid out of a 
village fund in all cases adjudged dangerous by the midwife; a grant of $0.20 per 
diem out of the same fund to every woman remaining in bed six days after her 
confinement; compulsory sterilization of milk, with appropriate apparatus, by all 
mothers or wet-nurses unable to nurse their infants at the breast; the systematic 
weighing of newborn infants every fortnight on a communal weighing machine, asa 
check upon the infant’s condition; the compulsory notification of any illness in the 
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infant within 24 hours after its appearance; the withdrawal of qualification cer- 
tifications from all wet-nurses not complying with these regulations, and the award 
of a bonus of $0.50 to any nursing woman who could produce a one-year-old child 
in good health as a result of her nursing during the period paid for. 

These admirable provisions,* which contain all the essentials of 
recent infant welfare activities and which were printed as a definite 
municipal ordinance by M. Morel de Villiers on May 11, 1903, 
attracted the attention of Benjamin Broadbent, who became mayor of 
the county borough of Huddersfield, England, in order that he might 
get some definite action on the infant mortality problem. Later, 
Dr. Samson G. H. Moore, medical officer of health of the same com- 
munity, took up the question. During 1892-1902, the rate of infant 
mortality in Huddersfield was 148 per 1,000 and in 1902 it was 138 
per 1,000. In 1901, it was 132, as against 182 in Northumberland, 179 
in Durham and Lancashire, 91 in Wiltshire and 95 in Rutlandshire and 
Westmoreland. During 1902-4 Dr. Moore made a careful analysis 
of infant mortality in Huddersfield, in the light of Morel’s findings, 
and his admirable report of 1904, showing that nearly half of the babies 
had died from preventable causes, is now exhausted in its fourth edi- 
tion.t In November, 1905, Mr. Benjamin Broadbent was elected 
mayor of Huddersfield, and on November 10, in his mayoral address, 
he announced that, at the birth of every child born in Huddersfield 
during his term of office, he would issue a promissory note of £1, 
payable to that child on its first birthday, if it lived through that 
period. This announcement attracted wide attention to the cause of 
infant welfare in the medical and newspaper press. In the meantime, 
~ as a result of Dr. Moore’s report, final approval had been obtained from 
the sanitary authority (April, 1905) of a plan for “voluntary notifica- 
tion of birth to the medical officer of Huddersfield and the visitation in 
their homes of all newly born infants, immediately after birth, by 
women doctors, followed by voluntary workers,’’ in order to instruct 
the mother as to the proper mode of nursing and caring for her off- 
spring. Prior to 1906, the English law of 1837 required registration 
of births at any time within 42 days after birth. This arrangement 
delayed registration over six weeks. In 1906, the Borough of Hudders- 
field obtained parliamentary powers requiring notification of all births 
of the medical officer of health within 48 hours after birth. In the 
following year, Parliament passed an adoptive Notification of Births 
Act (1907), requiring notification of birth in addition to registration, 
by the father or other responsible person, to the medical officer of 
health within 36 hours after birth, under penalty of a fine of 20s. In 
1915, this Act was supplemented by the Notification of Births (Exten- 
sion) Act, extending the 1907 Act to areas in which it had not been 
adopted, and vesting any local authority with the powers of a sanitary 


i i (1916), p. 944. 
* the text of which, see Moore, 8S. G. H., Lancet, London, i ( ; 
Also Teneaniey To the Mothers of Huddersfield: An Open Letter, Huddersfield 
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authority, under the Public Health Acts of 1875-1907 or the Public 
Health (London) Act, 1901, for the purpose of promoting the care of 
expectant mothers, nursing mothers and young children. In other 
words, the properly authorized local authority is empowered to follow 
up all maternity cases to promote the welfare of mother and child and 
the Local Government Board has latterly agreed to defray half the cost 
of carrying out any plan for 
maternal and child welfare approved 
by the Board. In 1907, the infant 
welfare movement in Huddersfield 
came into full operation. The in- 
fant mortality rate fell from 134 
per 1,000 in 1906 to 97 in 1907, the 
locus of infant mortality remaining 
at about that level subsequently. 
There were similar activities 
in other parts of England, contem- 
poraneous with those at Hudders- 
field. In 1906 Dr. Archibaid K. 
Chalmers, medical officer of health 
of Glasgow, made a study of infant 
mortality in the Scotch towns.* 
: He found every movement of the 
Fie. 53.—Sir Arthur Newsholme. infant mortality curve “an exag- 
geration,” always higher in Scot- 

land than in England, although the general death rate of England is 
higher than that of Scotland, and “invariably lowest in Ireland.” 
The low rate of the insular rural districts corresponded with that of 
the residential suburbs of the large cities, and the chief increase 
was noticeable in the small towns and rural inland districts, rather than 
the large manufacturing centers. In Glasgow, the total rate was 
lowered by 15 per cent., representing a decrease of 30 per cent. in the 
proportion of deaths during the sixth to the twelfth months, and 
16 per cent. in the third to the sixth months, while the rate during the 
first three months remained practically stable. The deaths in these 
three months were found not to be due to disease in the ordinary sense, 
but to defective vitality, syphilis, alcoholism, parental cell deteriora- 
tion and other ante-natal causes. The hereditary diseases threatening 
the newborn infant are of the kind which, in Chalmers’ phrase, 
“strike vertically,” while the ordinary intercurrent diseases of the after- 
period have a lateral or casual incidence. This important point was 
sensed by Karl Pearson when he found it impossible to fit the actual 
curve of infant mortality into his theoretical curve without taking into 
account the whole range of pre-natal influences.t Thus, given the 

* Chalmers, A. K., Pub. Health, London, xviii (1905-6), pp. 409-438. 

t “Pearson, Karl, The Chances of Death.” London, i (1897), pp. 24-39. Fora 
statistical examination of the ante-natal causes of infant mortality, see Fulton 
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stationary character of the death rate during the first three months of 
life, vitality is “a quality of the child at birth rather than the accident 
of its surroundings afterwards”’ (Chalmers). In the important reports 
rendered to the Local Government Board by its medical officer, Sir 
Arthur Newsholme (1910),* it is shown that ‘excessive mortality 
in infancy implies excessive mortality in later life, that there is no 
essential causal relation between a high birth rate and a high rate of 
infant mortality,” but that ‘a high infant mortality implies a high 
prevalence of the conditions which determine national inferiority” ; 
that poyerty connotes a high infant death rate, although breast-feeding 
is commoner among the poor than the rich; that early motherhood 
exerts a slight effect upon high infantile mortality; that infant mortal- 
ity in the first month of life is preventable, as also the high rate in 
crowded centers of population. In his subsequent reports (1913-16), 
Newsholme shows that more than half of infant mortality is due to 
infection from without, that the large maternal and infant mortality 
from puerperal hemorrhage, convulsions, and septicemia are due to 
bad midwifery; that the causes of infant mortality are many, ¢.g., 
maternal ignorance, lack of medical attendance and nursing, the 
fecklessness of mothers, poverty, intemperance, overcrowding in areas 
or in rooms, defective sanitation, industrial employment of married 
women, large families, infectious and diarrheal diseases; and that the 
devices of infant welfare activity should be varied, v7z., proper housing, 
intra- and extra-domiciliary sanitation, sufficient and proper food, 
notification of births, medical attention and nursing and pre-maternity 
work, including care, feeding and instruction of the mother. The 
dictum of Sir George Newmanf that infant mortality is less connected 
with external conditions than with ignorance of the mother is 
obviously one-sided. Infant mortality is of multiplex causation and 
must therefore be met by multiplex infant welfare activities. ‘Infant 
mortality,’ says Newsholme, ‘‘is the most sensitive index we possess of 
social welfare and of sanitary administration, especially under urban 
sanitary conditions.’’ This sentence is the keynote of the infant 
welfare movement, for, as Holt says, many whom the fanatical evolu- 
tionists would regard as the physically unfit are really “victims of a bad 
environment, improper feeding and neglect.” A high infant mortality 
means “‘the sacrifice of the unfortunate rather than the unfit,” who must 
be eliminated ‘‘by birth, not by death.” 
The present infant welfare movement implies the widest extension 
of the activities of social medicine, from puericulture or ante-natal 
* Great Britain. Local Government Board. Supplement to the 39th annual 
report, containing a report by the Medical Officer on infant and child mortality. 
-London (1910), pp. 34-36; 74-78, by Sir Arthur Newsholme. Later reports: 
(1907-11), London (1913); Infant Mortality in Lancashire (1913); Maternal 
Mortality (1915); Child Mortality at Ages 0-5 (1916). See, also Report of Local 
Government Board on “Maternity and Child Welfare,” London (1917). For 
a full account of infant welfare in the United Kingdom, see the histories by A. 
Dingwall Fordyce and T. J. Stafford in Sduglingsfiirsorge und Kinderschutz 
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‘supervision, including pregnancy clinics, insurance of maternity, 
maternity homes, schools for mothers; and post-natal supervision, 
from day nurseries (créches), milk stations, nursery schools, consulta- - 
tions for nurslings to school-inspections, child-study, mental tests, 
school-lunches (cantines), child-labor legislation, child-welfare activities, 
play centers, vocational aptitude studies, instruction inhome economics, 
and training for parentage. 


Recent English legislation bearing on maternal and infant welfare comprises, 
besides the Notification of Births Acts of 1907 and 1915, the Housing of the Working 
Classes Acts (1885-1903), the Compulsory Infectious Diseases (Notification) 
Extension Act (1899), the Factory and Workshop Act (1901), the Midwives Act 
(1902), the Children Act (1908), for protecting wet-nursed infants beyond the 
Infant Life Protection Act of 1897, the Housing and Town-Planning Act (1909), 
the National Insurance Acts (1911, 1913), the Milk and Dairies Act (Consolida- 
tion) Act (1915), the Public Health (Venereal Diseases) Regulations (1916), 
the Midwives Act (1918), and other war measures. Florence Nightingale’s 
letters of 1891-2 on health visiting in rural distri¢ts were reprinted in 1911.* 
Milk depots were established at St. Helens (1899), Finsbury (1914, and elsewhere. 
The first schools for mothercraft were started at St. Marylebone (February, 1906) 
as the Borough of St. Marylebone Health Society, which opened an Infant Con- 
sultation on May 10, 1906. Winchester followed in December, 1906.¢ The St. 
Pancras School for Mothers was founded in 1907 and followed by other schools 
at North Islington (1914), Stockport (1914) and elsewhere. In June, 1918, a long 
list of English welfare associations and schools for mothers was given in the massive 
report of the Carnegie United Kingdom Trust on the physical welfare of mothers 
and children by E. W. Hope of Liverpool and Miss Janet M. Campbell (Liverpool, 
1917). Dr. Barnardo’s homes for nurslings at Hawkshurst, the Children’s Home 
at Sidcup, Kent, the London School for Myopes, the Downs Ringworm School at 
Sutton (Surrey) for children afflicted with tinea, are other phases of English 
activities. i 

The first National Conference on Infantile Mortality was held in the Caxton 
Hall, Westminster, on June 13-14, 1906; the second on March 23-25, 1908; the 
third on August 4-5, 1918, all under the presidency of John Burns. To these 
conferences such able medical officers of health as James Niven (Manchester), 
J. Spottiswoode Cameron (Leeds), G. F. M’Cleary (Hampstead), James Robert 
Kaye (West Riding), John F. J. Sykes (St. Pancras), E. W. Hope (Liverpool), 
8. G. H. Moore (Huddersfield), A. W. Chalmers (Glasgow), George Reid (Stafford- 
shire), as also Mayor Broadbent, Sims Woodhead, J. W. Ballantyne contributed 
valuable papers on infant mortality. At the third conference Van Ingen, Shaw, 
Talbot, LaFetra and other American pediatrists took part. International con- 
gresses for the study and prevention of infant mortality, originally inspired by the 
French Consultations des Nourissons and the Gouttes de Lait, have been held 
at Paris (October 21, 1905), Brussels (September 12-16, 1907) and Berlin (Septem- 
ber 11-15, 1911). In Canada, admirable reports on infant mortality have been 
made to the Registrar General of Ontario by Dr. Helen MacMurchy (1910-12). 


In 1910, Dr. Janet E. Lane-Claypon, on behalf of the Lister Insti- 
tute, made a journey through Germany, Sweden and Denmark, to 
study modes of prevention of infant mortality.t{ 


* Letters from Miss Florence Nightingale on Health Visiting in Rural Districts. 
London, P. 8. King and Son (1911). 


t Pritchard, E., Lancet, London, i (1917), p. 352. 

tIn a MS. kindly lent by Miss Ellen C. Babbitt. For the history of infant 
welfare in Germany, see, also, Arthur Keller’s article in Sauglingsfiirsorge und 
Kinderschutz (Keller and Klumker), Berlin (1912), pp. 185-311. 
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; German activities at that time included milk kitchens, with baby consultations 
in most of the large towns; maternity insurance; nursing bonuses of 1.—4.8 marks to 
mothers who nurse their own children; a free hospital, established in Dresden by 
Schlossmann, for all sick, illegitimate or parentless children whose relatives could 
not pay for them ; homes for illegitimate or other Poor Law children, to get them in 
good health prior to boarding out; regulations for police supervision of all children 
under four who are boarded out in German towns (1879), and revised regulations 
for the police inspection of these children in Berlin (1890); a system of public 
guardianship of illegitimates, established at Leipzig by Dr. Max Taube (1904), 
whereby all illegitimate children born in Leipzig become at once the wards of the 
municipality under his personal care; systems of collective guardianship of ille- 
gitimates in Strassburg, Danzig, Breslau, Mannheim, Freiburg, Berlin, Dresden, 
Hamburg, Halle, Kiel and other towns; a Kinder-Asy]l for the reception of all Poor 
Law children in Berlin (1901), Breslau (1903), Hamburg (1907) and elsewhere; 
supervision of children in foster homes; a number of private institutions for nursing 
mothers ; the attempt to supply wet-nurses in Dresden and Berlin; syphilitic nurses 
for syphilitic children; a few private institutions for nursing mothers; forest and sea- 
side homes, sanatoria and holiday camps for sick and convalescent infants; and a 
Society for the Prevention of Infant Mortality which held its first meeting at 
Dresden (1909). There is a sick-insurance law protecting women six months 
before and six months after childbed; and a provision for suckling-money (Still- 
geld) for working mothers. On June 4, 1909, the Kaiserin Auguste Victoria Haus, 
the headquarters of all German efforts against infant mortality, was opened in 
Berlin. This institution, planned under the patronage of the Empress, and de- 
signed to be (at Heubner’s instance) ‘‘an institute for the physiological investiga- 
tion of infant nutrition, with clinical treatment,” was constructed at a cost of 
the $625,000, collected by public subscription. It was intended to be a model 
institution for scientific research on infants of all ages and in all states of health, 
where all phases of infant life, post-natal and ante-natal, may be found, with pro- 
vision for the care of confinement cases and sick babies from all classes of society 
and the training of educated women as nurses. It is said that the results of this 
extravagant outlay did not come up to expectations. Germany is only sur- 
passed by Russia, Austro-Hungary and Roumania in infant mortality. A guard- 
ianship office and welfare station, for prompt financial aid and care of expectant 
mothers and their infants, exists at Charlottenburg. There are also two leagues 
providing workers to take care of a home during the lying-in period. On the 
didactic side, effective object lessons were furnished at the Dresden Hygienic 
Exhibit in 1911. The different milk-kitchens, day nurseries, infant hospitals, etc., 
of Germany were shown on a map with colored pegs. The average gastro-enteritis 
mortality during 1880-1909 was shown to be inversely as the scale of living, viz., 
zero in the wealthy, 4.8 per 1,000 in the upper middle classes, 36.1 in the lower 
middle classes, and 59 among the poor. The Wassermann test showed 10 per 
cent. of latent syphilis in wet-nurses. The exhibits included correct clothing for a 
baby, sanitary and unsanitary toys, unhygienic nursing bottles, models of oph- 
thalmia neonatorum, degrees of dental development, the infant stomach and its 
contents, casts of infant stools, models and photographs of rachitic infants and a 
box of coins, showing that out of a working man’s income of 1,380 marks ($395), 
360 went for housing, 560 for food, 140 for clothing, 360 for amusements and 160 
for aleohol.* It has been objected against the modern German care of infancy in 
hospitals that, in spite of the splendid organization of applied science, the movement 
was more or less an expression of the concern of the metallic Prussian bureaucracy 
about the decline in the birth rate, and that there was a certain lack of humanistic 
“mothering” which is deemed so essential in Anglo-Saxon countries. “You have 
seen all the splendid provisions for studying the proper care of babies, but have you 
seen the babies themselves?” was the question put by Professor Medin of Stock- 
holm to women who were visiting the Berlin establishments. — The importance 
attached to cradle-songs, dandling, fondling and other modes of diverting the infant 


* For the above facts, I am indebted to Miss Ellen C. Babbitt. 
Vou. I—11 
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in Hellenistic pediatry is emphasized in Sister Mary Rosaria’s dissertation “The 
Nurse in Greek Life” (Boston, 1917). This is naturally a field in which women 
excel. ¥ p 

In Hungary, under the laws of 1901-3, every child under 15, if not otherwise 
provided for, is entitled to state care, food, education and a home (Van Ingen). 
This is managed by state asylums, each under a medical director, and 374 State 
Children’s Colonies, or foster homes. Delicate, sickly children are kept in the 
asylums until they can be entrusted to the foster parents, and are afterward 
constantly watched by a local physician and visiting nurses. Mothers of babies 
in the asylums are given financial support if they nurse them, and may accompany 
them to the foster homes. A model lodging house fits the unassisted man to get a 
job by fumigating, cleaning and mending his clothes (Babbitt). Between $1,500,- 
000 and $2,000,000 were expended for the state care of children in 1910. The total 
mortality of nurslings in asylums was 11.2 per 100, and 10.89 in foster homes. 

In Spain, a Superior Council for Child Welfare, presided over by the Minister 
of the Interior, looks after all children under 10 years of age, supervises créches, 
asylums, hospitals and the training of midwives and protects children in care of 
foster parents. As part of the administration under the Superior Council, there 
are 49 provincial bodies and over 6,000 local bodies which attend to details of this 
mode of social service. 

In Holland, infant welfare is in charge of Dr. Saltet, head of the Health Depart- 
ment of Amsterdam and professor of hygiene in the University. The statistics 
show a low mortality rate, particularly among the Jewish families of Amsterdam, 
among whom breast nursing is the rule. Between 1895 and 1910, there was a 
decrease of 55.7 per cent. in the infant mortality rate. The obstetrician Treub 
maintains that abortion is increasing. 

In Sweden, the Allmanna Barnhuset or Public Orphanage, founded about 1760, 
insures breast feeding for four months after birth, by allowing the mother to 
remain in the institution with her child. At the same time she nurses another 
child. This regulation once complied with, her child is adopted as a ward of the 
foundation for 14 years. If the mother does not comply, a sum of 600 kronor 
($162) must be paid for the maintenance of the child, the mother renouncing all 
rights to it henceforth. Poor Law children also become wards of the Orphanage, 
the city of Stockholm paying 400 kronor for the maintenance of each. This applies 
to poor children from all parts of Sweden. Children weaned at four months are 
boarded out with foster parents. About 5,200 children are taken care of annually 
and about 850 babies in the Orphanage. The average mortality in the Orphanage 
was 12.16 per cent. in 1894-8 and 10.7 per cent. in 1899-1903 (Lane-Claypon). 

In New Zealand, the Royal Society for the Health of Women and Children, 
centralized in Dunedin, with eight local branches in other parts of the dominion, 
and seventy subsidiary committees, has done capital work. It is sometimes called 
the Plunket Society, after the Governor General and his wife, Lord and Lady 
Plunket, who are its patrons. Its field agents are the so-called Plunket nurses, 
who, each of them, look after one of the districts into which the two islands are 
subdivided, giving instruction in all branches of the art of motherhood, even in 
girls’ schools. There is a complete system of birth registration and close govern- 
ment supervision of midwives, maternity hospitals, infant asylums and nurses. 
The aim is essentially modern, to teach girls and women the duties and responsi- 
bilities of maternity and infant welfare. The result of these activities has been to 
reduce the infant mortality from 838 to 51 per 1,000 in ten years, while at 
Dunedin it is now 40 per 1,000 (4 per cent.), as against 150 in Berlin, 120 in 
Paris and New York, 100 in London. This is the best record yet obtained in a 


Rccieert o of size. The highest infant mortality rate is that of Chile (333 per 


In the United States the infant welfare movement is of compara- 
tively recent growth, partly owing to the fact that there has been 
no uniform system of birth registration. New Zealand, Hungary 
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Germany, and Sweden have gone far to solve the problem of poverty for 
the people. New Zealand has solved the problem of teaching the 
people how to live. These are paternalistic activities carried forward 
in populations practically homogeneous in respect of racial and national 
sentiment. Our problem is one of heterogeneity of race, racial psy- 
chology, and “sectional” feeling. It is highly significant, in this 
regard, that many of the principal pioneers and prime movers of social 
service in America have been women.* Special credit is due to Philip 
Van Ingen (1875— _ ), of New York, for his painstaking and valuable 
work in assembling annual comparative tables of infant mortality 
from the vital statistics of the health departments of states and large 
cities, prior to the actual publication of these reports. a 


Rochester, New York, was the first American city to have a Milk (Welfare) 
Station (1897), and now maintains ten during the summer months. Boston, 
Chicago, Cleveland, Philadelphia, Richmond employ visiting nurses for pre-natal 
work and instruction to expectant and actual mothers. In 1902, a Milk Fund 
Association was started in Cleveland, to supply modified milk and medical atten- 
tion to infants brought to a central station. In 1904, a farm was acquired, and 
certified milk was thereafter distributed instead of milk modified according to a 
percentage formula. In 1906, the Milk Fund Association combined with the 
Visiting Nurse Association to form an infant clinic, and maternal instruction was 
then given by visiting nurses attached to the clinic. In December, 1906, this work 
was taken over by the Babies’ Dispensary and Hospital, and in 1907, the Milk 
Fund Association amalgamated with and turned over all its property to the 
Babies’ Dispensary and Hospital. Branch dispensaries (Babies’ Prophylactic 
Dispensaries) were then formed to look after the hygiene of normal infants, while 
the central dispensary attended to the sick. There were six of these branch estab- 
lishments in 1908, all under one medical director and one supervising nurse. In 
1910, a dispensary building was erected, with a milk laboratory, lecture room, 
consultation rooms and other accessories. In 1911, Cleveland appropriated 
$10,000 for infant welfare work and established five public prophylactic dispen- 
saries and a department of child hygiene in charge of the medical director of the 
Babies’ Dispensary and Hospital and its supervising nurse. By combining the 
original branch dispensaries, the city had thirteen branch dispensaries at the end of 
1911. Special nurses now look after infantile blindness, foster homes for babies, 
and the teaching of infant hygiene in girls’ schools. Finally, the medical director 
of the establishment is now professor of pediatrics in Western Reserve University, 
and eight hours in the compulsory curriculum are devoted to practical training in 
infant welfare work. j : 

Up to 1902, the Department of Health of New York City employed special 
physicians to look after sick babies in the tenements. In 1908, visiting nurses 
were also detailed to follow up these cases, and general milk inspection was begun. 
On August 19, the Division of Child Hygiene was established with Dr. 8. Josephine 
Baker as chief, and a staff of 161 medical inspectors and 142 nurses. _ The func- 
tions of this division are the control and supervision of midwives, the instruction 
of mothers in infant hygiene, the inspection and sanitary supervision of day nur- 
series, the supervision of foundlings in foster homes and institutions for dependent 
children, the medical inspection and examination of school children and the enforce- 
ment of the child labor law in relation to employment certificates. In the summer 
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of 1911, 79 milk stations were operated, 15 by the Health Department, 31 by the 
New York Milk Committee, and 33 by other organizations. An Infant Welfare 
Association, afterward known as the Babies’ Welfare Association, was formed by 
the amalgamation of 150 different infant welfare associations. During 1904-10, 
the average infant mortality in New York was 16,527. In 1911, it fell to 15,030, 
in 1912, 14,289, in 1913, 13,797. The infant mortality rate fell from 280 per 1,000 
in 1880 and 144 in 1908 to 102 in 1913. Outside of New York City the infant mor- 
tality rate in the state fell from 125 in 1913 to 111 in 1914. The present motto 
of the New York Health Department is: “‘ Public health is purchasable; and within 
certain limits each community may determine its own death rate.” 

Work along the same lines has been done by the Committee on Infant Social 
Service of the Women’s Municipal League of Boston (1909), the Pregnancy Clinic 
of the Boston Lying-In Hospital (1912), the Visiting Nurse Association of Bridge- 
port, Connecticut (1912), the Social Service Department of the Washington 
University Hospital, St. Louis (1912), the Division of Child Hygiene of the Kansas 
State Department of Health (1915), and similar organizations in Massachusetts, 
Ohio, Louisiana, Texas and other states. Public lectures, exhibitions, exhibit 
cars, “Little Mothers’ Leagues,’ and ‘‘Baby Weeks” and ‘Better Babies’”’ con- 
tests are varied features of infant welfare work. Nation-wide Baby Weeks were 
held in 1916 and 1917 under the auspices of the Children’s Bureau and the General 
Federation of Women’s Clubs, and 1918 was made a ‘‘Children’s Year”’ for the 
inauguration of a rational program of child welfare in wartime. A Back-to-School 
drive was instituted October 17, 1918. In 1915, there were 462 infant welfare 
stations in different American cities. Of these, 290 are maintained by private 
organizations in 92 cities. In 1909, the American Association for the Study and 
Prevention of Infant Mortality was organized. In 1912, the United States 
Government established the Federal Children’s Bureau at Washington, under the 
direction of Miss Julia C. Lathrop, a former associate of Miss Jane Addams at 
Hull House, Chicago. The object of this Bureau is the investigation of ‘‘all 
matters pertaining to the welfare of children and infant life.” The Children’s 
Bureau has made important surveys of the status of infancy and infant mortality 
in Johnstown, Pennsylvania, Montclair, New Jersey, and Manchester, New 
Hampshire. A complete life history of every baby born in a particular year in 
these localities has been obtained, and if the baby died within the year, the causes 
of death were investigated. In Johnstown, a city made up largely of East Euro- 
pean immigrants, it was shown that there is a direct relation between bad sanita- 
tion, multiplex household drudgery and the varying mortality in the different 
wards. As shown at the Dresden Hygienic Exhibit, the infantile death rate is 
inversely as the annual income of the father. The average infantile death rate in 
Johnstown is 134 per 1,000, but 264 among the Serbo-Croats alone. In Montclair, 
a wealthy residential community, it is 84. In Manchester, an industrial town, 
it is 193, the principal cause being the daily occupation of the mothers in the 
textile mills. Among the English, Irish and Scotch, the rate is 66 per 1,000; 
among the French Canadians, itis 248. Artificial feeding and unduly large families 
explain the difference. * 

By the passage of the Congressional act, effective September 1, 1917, the powers 
of the Children’s Bureau have been enlarged by the establishment of a Child Labor 
Division to carry out the intent of the law. Recent American Child Welfare 


* For the information conveyed in this section, I am much indebted to the 
articles of Ellen C. Babbitt, Tr. Am. Assoc. Study and Prev. Inf. Mortal., 1911, 
Baltimore, ii (1912), pp. 64-71; L. Emmet Holt, Jbid., iv (1913), pp. 1—54; E. B. 
Phelps, Tr. Internat. Cong. Hyg. and Demog. (1912), Washington, vi (1913), 
pp. 132-183; Philip Van Ingen, Am. Jour. Dis. Child., Chicago, vii (1914), p. 471; 
x (1915), p. 212; Grace L. Meigs, Ibid., xiv (1917), pp. 180-197; and to the rich 
supply of literature and public documents on infant welfare kindly supplied me 
by Miss Babbitt and Miss Gertrude B. Knipp (Baltimore). For the activities of 
the Children’s Bureau, Washington, see Miss Lathrop’s reports (I-VII, 1913-19) 
and the many publications of the Bureau. ' : 
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acti ities culminated in the Sheppard-Towner Bill (December, 1921) by which 
governmental aid is extended to states for the Organizing of Divisions of Child 
Hygiene in the State departments of health or to assist those already formed. 


As a rule, the larger the family, the higher the infant death rate. 
Unwelcome children are not usually well cared for.. Heartless parents 
will even allow children to die on their hands by starvation or exposure 

(Engelmacherei). This brings up the question of birth-control. As 
stated by Dr. Jacobi in 1915, the object of birth-control is to limit 
reckless and irresponsible begetting of children by deliberately regu- 
lating their number and the time of their arrival. It is maintained by 
the opponents of birth-control that, on the continent of Europe, where 
control is a commonplace right of women, the liberty has been a main 
coefficient in bringing about the depopulation of modern states and 
that, in the United States, it has the disadvantage of being connected 
with the sordid interests of “sexually exploited women” and of com- 
mercial drug firms. The present European war goes to show that. a 
country with a small population may be in danger of being over- 
whelmed by a country with a teeming population, bred for military 
purposes. But, other things being equal, it cannot be denied that the 
general ideal of advanced modern states (at least in crowded cities) 
would be the moderate sized family; in other words, fewer but better 
children. Bernard Shaw closes with the subject in the following 
aphorisms: 

“The essential function of marriage is the continuance of the race, as stated in 
the Book of Common Prayer. The accidental function of marriage is the grati- 
fication of the amoristic sentiment of mankind. The artificial sterilization of 
marriage makes it possible for marriage to fulfill its accidental function while neg- 
lecting its essential one. The most revolutionary invention of the XIX Century 
was the artificial sterilization of marriage.”’ 

These sentences reveal to what extent the religious and moral 
inhibitions of the past have broken down under the influence of modern 
philosophy. In another place, Shaw observes that: 

“Tf we desire to maintain the population at its present figure or to increase it, 
we must take immediate steps to induce people of moderate means to marry 
earlier or to have more children. . . . The population declines because the high 
birth rate of the very poor is counterbalanced by a huge infantile mortality in the 
slums, whilst the very rich are also the very few and are becoming sterilized by the 
spreading revolt of the women against excessive childbearing—sometimes against 


any childbearing.” 

In spite of the advantages of early marriages—v7z., that they are apt 
to be more durable and that the early married are able to establish their 
children in life before they die—the depopulation of modern states 
continues because the conditions of modern life are such that most 
people are financially unable to marry early and because few modern 
women are physically adapted or mentally inclined to the demands of 
multiparity. Thus the birth rate of a nation in any period, as Have- 
lock Ellis maintains, is regulated automatically by social and economic 
conditions. Lecky, in the “Map of Life,” contends that the two 
influences which “‘inevitably and powerfully tend to depress the vital- 
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ity of a nation” are “sanitary science itself, which enables great 
numbers of constitutionally weak children, who in other days would 
have died in infancy, to grow up and marry and propagate their 
offspring” and “the steady movement of populations to towns.’ whic 
concludes that “the great diminution in infant mortality is in truth a 
very doubtful blessing.” But these Tory squire arguments are 
_ pulverized by the very fact that the infant welfare movement origi- 
nated, in the first instance, from a general alarm about the depopula- 
tion of modern states; while statistics have proven to the hilt the 
theorem of Newsholme that a high infant mortality rate in a crowded 
modern community connotes a high general mortality and a specific 
lowering of vitality in that community. It was formerly supposed 
that the weakest went to the wall, and women, even in our own time, 
would say of a dead infant: “It is better off in heaven.” But the 
causes of a high infant mortality are of a kind that really affect all 
infants and all adults. In the past, when there were not so many 
people in the world, the law of the survival of the strong and brutal 
obtained with full force and ‘‘coward Adam”’ first made definite war 
upon the defenseless infant. Today, he has grown a little ashamed of 
himself. The main issue at stake in the present European war was to 
determine whether overbearing power can continue to play the 
cowardly bully toward the weak or wreak vindictive spite upon the 
defenseless. 

In wartime, infant welfare activities acquire an additional 
prospective value through the fact that as the population continues 
to be killed off in the warring countries, the infants who are to replace 
them become more and more of a national asset. In all these countries, 
the birth rate has been steadily decreasing of late years. 

- In England, the starting point of preventive, as distinguished from palliative, 
infant welfare work, was a memorandum of the Local Government Board, of date 
July 30, 1914, outlining measures for ante-natal, natal and post-natal care, includ- 
ing systematic maternal and child welfare activities and insurance of maternity 
by means of a liberal grant of money from Parliament. Hospital treatment for 
infants, food for expectant and nursing mothers and infants under five, créches, 
day nurseries, homes for deserted and illegitimate children, etc., were further pro- 
vided for in the Circular of the Local Government Board of August 9,1918. In 
spite of the fact that millions of women were eventually engaged in munition and 
other war-industries, the infant death rate steadily declined. The passage of the 
Notification of Births (Extension) Act in 1915 insured compulsory notification of 
births in all parts of the British Isles within 36 hours after birth. In March, 
1914, there were 600 health visitors for the metropolitan boroughs, and in Feb- 
tuary, 1917, there were 1,445, and 800 district nurses. In June, 1918, there were 
700 centers for maternity and infant welfare work, established by local authorities, 
578 by voluntary societies, 751 whole-time health visitors, 760 part-time health 
visitors, 1,044 district nurses engaged by local authorities and 320 additional health 
visitors in the employment of voluntary societies.* The infant death rate of 
England and Wales in 1891-1900 was 153, in 1901-10, 128, in 1911-15, 110, and in 
1916, 91, the lowest then attained. The birth rate was 23 in 1914-15, 22 in 1915-— 
16, and 20.9 in 1916-17. In Scotland, the infant death rate fell from 126 in 1915 to 
97 in 1916, also the lowest on record. On July 2-7, 1917, a National Baby Week 


* Newsholme, Sir A., U. 8S. Dept. Labor Child. Bureau, Standards of Child 
Welfare, Rep. Child. Bureau Conf., Washington (1919), p. 279. 
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exhibition was held in Central Hall, Westminster, as part of a general campaign 
of education. Maternity is practically insured and child welfare up to school age 
is forwarded. The Board of Education offers grants for mothers’ schools and day 
nurseries, with standardized methods of procedure. Under the National Insurance 
Act, £650,000 were appropriated in 1914-15 to cover the deficit caused by the 
high sick rate among married women.* 

In Paris, the Office central d’assistance maternelle et infantile was organized 
in August, 1914, to insure public care of every pregnant woman and every child 
under three, “to be sure that no woman is ignored and no child forgotten.” The 
eleven maternities of the Assistance publique (the official agency of Parisian charity) 
took care of public confinements among the poor, the Mairies furnished obstetric 
assistance at home, free consultation centers for pregnancy were established every- 
where, military ambulances carried women to the hospitals, cantines maternelles 
supplied meals to pregnant women, military allowances were given to the mothers 
of soldiers’ children, a government maternity grant was established on June 18, 
1913, and long debates have been held in the Academy of Medicine as to the 
hygiene of pregnant women working in munition factories. La Mutualité mater- 
nelle, with over 50 consultation centers in Paris and elsewhere, insured the pay- 
ment of 12 francs a week to mothers and 10 frances if they nurse the child. Senator 
Paul Strauss’s law of August, 1914, allocates 1 france daily to a prospective mother 
for a month before the birth of her child and 114 frances daily for four weeks after, 
which has increased the birth rate: In 1915-16, 95.2 per cent. of all labor cases were 
cared for by the Assistance publique(Pinard) and the birth rate in this period was little 
more than half of that in 1913-14. The rates of infant and maternal mortality and 
of still-births fell in 1914-15 and rose in 1915-16, along with the number of aban- 
doned infants, which Pinard explains by the increased employment of women 
in munition and other factories. Eventually, the French infants were cared for 
in wards attached to the munition factories, and the working mothers were allowed 
to nurse them at intervals. With a deficiency of 25 to 50 per cent. of physicians 
in the larger cities, with 800,000 women employed in munition factories, with an 
infant mortality rate of 126 in 1917, and with a war birth rate 50 per cent. less than 
normal and at least 40 per cent. below the total death rate, it became obvious that 
France was facing national extinction. During the whole period of the war, the 
discussion of the high infant mortality and the low birth rate went on in the 
Academy of Medicine, Pinard taking a strong stand against the employment of 
women as munition workers. In July, 1917, the Children’s Bureau of the Ameri- 
can Red Cross began its activities with eleven members under the direction of 
William Palmer Lucas; by July, 1918, it had over 400 members and its activities 
extended over the whole area of France. In the Toul sector, J. P. Sedgwick soon 
installed a colony of over 500 mothers and children and established a pare Ss 
hospital of 200 beds, with chains of dispensaries in the smaller towns. ens ee 
was carried through the whole war zone under the direction of Pela 4 add, 
and, in Paris, the dispensary service was established by J. A. Miller. 4 a ee 
where a contagious diseases hospital of 200 beds was established phe? F . Gels- 
ton, over 40,000 children of rapatriés were examined and treated, Manet ees 
service. At Lyons, a dispensary, hospital and barracks for refugee chi ep were 
established, and a baby-show exposition, attended by over ras DP e, Me 
held on April 9 and three weeks after, under the direction oe ait oy ee Ane, 
later, of Miss Ellen C. Babbitt. In June, this exhibit was transferre ‘ aoe ae 
and Senden to other cities. The ee ee cmt a ii as Se ai a 
ture post-cards were freely used, and a speciai educ ater sear h 

blic through pamphleteering and the press. Special supp : 
ee ee Beisel ihildted were developed by Mason Knox and ma ate 

*See Great Britain. Local Saar cane pea ask and © 

i ions and memoranda. L . 
pt rie ria mi Peat ical Med. Assoc., Chicago, Ixxii (1918), PP. mee 
Am. Jour. Dis. Child., Chicago, xvi (1918), pp. mpage siesek Y ibid a 
Jour. Dis. Child., Chicago, xvi (1918), pp. 220-225. nox (J. ™.); Hy 
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In Belgium, William Palmer Lucas reported indications of a decrease in infant 
mortality rate in the large cities (except Mons), largely due to the canteens for 
feeding expectant and nursing mothers and infants under three. ‘ 

In Germany, there was a falling off of over two million births during the first 
three years of the war, so that 40 per cent. fewer babies were born in 1916 than in 
1913, as compared with the 11 per cent. fall in England; but while the infant death 
rate rose from 151 per 1,000 in 1913, to 164 per 1,000 in 1914, it was markedly 
reduced in 1915-16, and well kept down thereafter. Even in the early months 
of the war, it was not as high as in the dry, hot months of 1911 (192 per 1,000). 
In consequence of mobilization, there was a sudden interruption of infant welfare 
work in-nearly all German towns. The doctors in charge were called to the colors 
for military duty, the welfare workers were taken for army nursing, and many 
infants’ homes were turned into military hospitals. One-fourth of all the Hessian 
welfare centers were closed, and five out of fourteen in Cologne. Even mothers 
frequently neglected their infants during this exciting period. In a letter of 
August 12, the Kaiserin pointed out the fatal error of neglecting infant welfare work 
for military considerations, but its revival was due to alarm over the sudden increase 
in infant mortality from August, 1914. The imperial allowances for soldiers’ 
wives and children fixed by the law of August 4, 1914 were increased over four- 
and two-fold during the war, the maternity benefits under the Imperial Insurance 
Law of 1910 were liberally extended, a Federal Order authorizing imperial grants 
appeared on December 3, 1914, and was extended even to the wives of men on 
patriotic auxiliary service on July 6, 1917. There was a special grant for women 
who breast-fed their babies. By 1915, there were nearly 800 infant welfare asso- 
ciations in 550 localities, 271 day nurseries, and 266 maternal institutions, but in 
some localities these were entirely lacking. The Kaiserin Auguste Victoria Haus 
continued to be the center of infant welfare activities. Rickets and infantile 
diarrhea were alarmingly prevalent in 1915-16, and some physicians observed a 
special kind of war infants (Kriegsneugeborene), not premature, but under-devel- 
oped at birth, with symptoms of constant restlessness and automatic grasping 
movements. * 

In Canada, much has been done by Baby Week campaigning and the care of 
dependents of enlisted men. The valuable work of Miss Helen MacMurchy in 
Toronto has already been mentioned. Many of the Victorian Order of Nurses 
went for duty overseas. Of American pediatrists, Knox, Sedgwick, Lucas, 
Veeder, Ladd, Grulee, Manning and others were active in infant welfare work in 
the war zones. 


It has now been attempted to give an outline of the history of 
pediatrics from its earliest beginnings to the present hour. If the 
exigencies of military duty have not permitted as exhaustive a study 
as might otherwise have been undertaken, I trust that enough has at 
least been presented to show the tremendous growth and importance of 
the science in recent years. Perhaps, like the infant itself, the subject 
of pediatrics first began to attract the attention of physicians through 
its very helplessness. No less than fifteen army surgeons mentioned 
in these pages have done much to forward this science, and the large 
number of pediatrists who have taken up infant welfare work inthe 
present war goes to show the truth of Langstein’s observation that 
“children are to be regarded as the most valuable capital of the state.” 
This was, in fact, the view of the earlier German publicists, Siissmilch 
and Peter Frank. 

Our bead-roll of benefactors of child-life includes Hippocrates, the 


* Infant Welfare in Germany during the War. Report prepared in the Intelli- 
gence Department of the Local Government Board, London, 1918. 
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founder of internal medicine and of infantile orthopedics; Soranus 
who wrote the first individualized treatise on infant hygiene; Arch- 
bishop Datheus of Milan, who originated the foundling asylum; St. 
Vincent de Paul, the patron of friendless children, whose charitable 
endeavors led to the foundation of the Hospice des enfants trouvés 
(1640); George Armstrong, who founded the first dispensary for 
children (1769); Johann Peter Frank, the pioneer of school hygiene 
(1779); Count Rumford, who originated school lunches for children 
(1792); John Bunnell Davis, who adumbrated the modern methods of 
lowering the mortality of infants (1817); Morel de Villiers, Benjamin 
Broadbent and S. G. H. Moore, of Huddersfield, and Sir Arthur 
Newsholme, who made them accomplished fact; Semmelweis and 
Credé, who made the prevention of puerperal septicemia and infantile 
conjunctivitis viable; Théophile Roussel, the physician-legislator, 
whose beneficent laws for the protection of children have been our 
models; O’ Dwyer, the inventor of intubation; Roux and von Behring, 
the discoverers of antitoxin; Grancher, the originator of isolation 
cubicles and of surgical cleanliness in children’s wards in hospitals; 
Soxhlet, Rotch, Coit, Schlossmann and others who have made “clean 
milk”’ possible; the many investigators of infant nutrition and metab- 
olism; and the great humanistic pediatrists, like Charles West, Jacobi 
and J. Lewis Smith, who have practised this branch of medicine, not 
merely as a scientific specialty, but from genuine love of the children 
themselves. Nor should we forget the artists, the musicians, the 
poets and men of letters who have added such a warm human interest 
to child-study. é 

Contrast the utterances of the past, which meted out nothing to 
childhood but a frown of disapproval, with the larger, more tolerant 
attitude of modern writers: 


“Tt is better to keep children to their duty by a sense of honor and by kindness 
than by fear of punishment.’’ Tertullian. 

“Nothing has a better influence on children than praise.’’ Sir Philip Sidney. 

“T would not have children much beaten for their faults, because I would not 
have them think bodily pain the greater punishment.’”’ Locke. 

“Children are very nice observers, and they will often perceive your slightest 
defects. In general, those who govern children forgive nothing in them, but 
everything in themselves.”’ Fenelon. 

“Dispel not the happy illusions of childhood.” Goethe. 

“Where on earth is there so much society as in a beloved child?” Landor. 

“Children have more need of models than of critics.” Joubert. 
“Do not try to produce an ideal child; it would find unfitness in the world.”’ 


Hebert Spencer. el a 
“The vilest abortionist is he who attempts to mould a child’s character. 


Bernard Shaw. : 
“The best brought up children are those who have seen their parents as they 


are. Hypocrisy is not the parent’s first duty.” Bernard Shaw. : 
“Not one book in a thousand is worth as much to mankind as an innocent little 


child or a Chicago ham.”’ H. L. Mencken. 

In conclusion, I wish to acknowledge the generous and valuable 
assistance which has been rendered me by some of the most eminent 
pediatrists in this country, whom I have approached in the spirit 
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advocated by a prominent writer on child-study: ‘‘Only the sham knows 
everything: the trained man understands how little the mind of any 
individual may grasp, and how many must codperate in order to 
explain the very simplest things.’”’* My correspondence with these 
gentlemen has been truly delightful and from their expressions about 
one another, I may (in the droll expression of Stendhal) “augur” ' 
the existence of a larger degree of fraternal feeling than exists in some 
other branches of medicine. Such followers of the pediatric art and 
science as I have known have seemed, for the most part, genial, helpful, 
unassuming men, men inclined to minimize their own talents, a trait 
rare in physicians, although the chief end of pediatrics is the mainte- 
nance of the family and the perpetuation of the human race. 


* Gross, Hans. 


CHAPTER II 


CONGENITAL AND ACQUIRED PREDISPOSITION 
AND HEREDITY 


By Cuarence C. Lirris, 8. D. 


Coup Sprincs Harspor, New York 


I, INTRODUCTION 


The last twenty years have witnessed the birth and vigorous growth 
of the experimental investigation of the phenomena of inheritance. The 
field has proved so fertile that even those who are engaged actively 
in this research have found it difficult to keep track of the immense 
array of facts which has sprung up. 

It is not surprising, therefore, that in the past geneticists have not 
made any considerable effort to present the more important discoveries 
in their science to workers in the allied sciences. Until lately they 
have been classifying and analyzing the data obtained by the numer- 
ous investigators in their own field. Now, however, has come the 
opportunity, and indeed the obligation to consider the bearing of 
the main discoveries in enegtics upon anthropology, agriculture, and 
medicine, and to visualize, even though it be imperfectly, the opportu- 
nity for codperation and mutual gain in the bringing to the attention of 
investigators or practitioners in these fields the particular discoveries 
in genetics which should prove of immediate and permanent interest 
in their work. 

Various factors such as slow breeding, and relatively small families 
have proved handicaps in the study of human genetics. Yet a notable 
array of facts have been obtained from investigation in this field, and 
these together with the results of breeding experiments with plants 
and lower animals have pointed to the conclusion that closer codpera- 
tion and mutual understanding between genetics and medicine is now 
a natural relationship which must be brought about. 

The great majority of genetic discoveries have been made since 
1900; Their recognition and appreciation will gradually lead to the 
adoption by medical men in general and by obstetricians and pediatri- 
cians in particular of a biological point of view which will aid immensely 
in reducing to an analyzable and predictable condition data that would 
otherwise remain unexplained and devoid of significance. Thus 
medical men must be made aware of the chief facts and discoveries 
resulting from genetic investigation in such subjects as Sex determina- 
tion, the physical basis of heredity, and the method of inheritance of 
normal and pathological, physical and mental traits in the lower animals 


and in man. 
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In a similar fashion geneticists will gain new inspiration and make 
great progress by utilizing the material which medical men can place 
at their disposal. The fields of comparative embryology, comparative 
pathology, bacteriology, physiology, psychiatry, immunology, pedi- 
atrics, and most other branches of the medical sciences are rich with 
problems for biologists and geneticists. The benefits which will result 
from coéperation between genetics and medicine are therefore mutual, 
important, and immediate. 

To. convince medical men of this, however, it will be necessary to 
place before them the more striking discoveries of genetics, to explain 
their value to medical practice and research, and to point out the ways 
in which medical men with a biological point of view thus established 
can and will provide a great body of trained observers and investigators 
who will continually add in an accurate and logical way to our knowl- 
edge of human heredity. : 

In no other way can the study of human heredity be so successfully 
pursued and be made of permanent value and of self perpetuating and 
ever increasing extent and interest. 

In this chapter therefore, we shall consider in some detail the more 
important discoveries in the general field of experimental genetics; 
we shall then deal with the particular phase of human inheritance, 
and lastly, we shall consider the practical and utilizable value of the 
results already obtained. 

In treating these subjects, the attitude taken may, at some points, 
seem to be dogmatic. In such event the reader is asked toremember 
that what we are striving for is a point of view, a mental attitude, and 
that therefore apparently radical statements must be taken on trust, 
later to be modified and limited, if necessary, by a more thorough 
investigation of all the points in question which is certain to follow 
the adoption of the viewpoint desired. 

Genetics is young, vigorous, and perhaps in certain respects, over 
enthusiastic, but it has won its spurs and proven its worth biologically. 
It will moreover, provide a biological approach to many of the ques- 
tions most interesting to medical men. 

The pediatrician is in a peculiarly strong position in respect to the 
material with which he works. The child, although complicated, is 
not so much the product of environmental factors, as is the adult with 
the accumulation of years of training and artificial influences. The child 
is far more a product of purely biological factors and less a combination 
of biology and sociology, inseparably and confusingly interwoven. 
This fact has been but little recognized by students of human 
inheritance who have expended by far the greater part of their efforts 
and energies in the investigation and analysis of the inheritance of 
adult traits. We may therefore, expect a surer and more rapid return 
from a study of the child, than from that of the adult, and we may hope 
that the pediatrician will be among the first of the medical profession 


to see the value of, and grasp the opportunities of a genetic point of 
view. 
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Illustrations and facts will be presented based on investigations 
with adult humans and with lower animals or even plants. As they 
are taken up, however, it should become clear that the facts of varia- 
tion and inheritance have a common origin and behavior in high and 
low forms. Once this is perceived and recognized the data of many 
investigators become available to guide and to assist in outlining 
the genetic phases of medicine in general, and of pediatrics in 
particular. 

If then this chapter assists the reader in obtaining a biological 
viewpoint and stimulates him to adopt an inquiring and coéperative 
attitude towards the genetic nature of his material—it will have 
amply justified its existence, and will have gone far towards giving 
inheritance its rightful place in a system of pediatrics. 


Il. DISTINCTION BETWEEN TRANSMISSION AND HEREDITY 


One of the first points to be made clear is just what facts or cate- 
gories of phenomena are to be included under our definition of heredity. 

Broadly speaking, any substance or any characters developing from 
any substance passed by one generation to another may be considered 
as inherited. It is possible, however, at the outset to draw a distinc- 
tion between substance actually transmitted as so much baggage by 
the germ cells such as the organism for syphilis on one hand, and the 
inherent parts of the biochemical constituents of the germ cell which are 
the underlying causative determinants of the truly genetic characters 
of the organism. 

We shall therefore, consider as merely transmitted substances or 
bodies carried as passengers by the germ cell from one generation to 
another. Such materials do not react in any measurable or recogniz- 
able way upon the cells which carry them, but retain their distinct 
and characteristic form. Their presence or absence in any germ cell 
is due to their being placed there bodily by some definite physical 
process—such as infection, inoculation or through the medium of the 
blood stream. They are normally substances or bodies capable of 
independent existence outside of the: germ plasm—in the form in 
which they are transmitted. 

In this respect, they form a marked contrast with the truly heredi- 
tary factors or determinants which are an essential part of the cell 
organization and which are or have been up to the present time 
inseparable from it. These determinants appear to be highly specific 
in nature and in many cases complicated in structure. As will be 
seen, later, the analysis and prediction of genetic results on the 
hypothesis of the existence, the unit nature, and the definite position 
within the cell of such determinants have been the chief lines of progress 
in experimental genetics during the past twenty years. ; 

We may then consider the behavior of a transmissable character in 
slightly more detail, in order to contrast it later with examples of true _ 


inheritance. 
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In this connection the experiments of Riddle, the Gages, and 
others, with the dye Sudan III are of interest. Sudan III is a dye 
which stains fatty tissue red. It becomes attached to fatty particles 
within the body and remains with them wherever they go. It follows 
therefore, that if and when the particles of fat pass through the follicu- 
lar membranes and into the egg, they will, if they be stained with 
Sudan III, carry it with them and thus transfer it to the embryo. 
The simple and mechanical nature of this process as well as its dis- 
tinction from what we ordinarily consider as inheritance has been 
recognized and pointed out by Riddle (1910) in the fowl as follows: 

3 . While in the body, Sudan III clings at all times to the 
fats or their constituent fatty acids, and so goes quite mechanically 
wherever these particles go; it is indeed attached to them.” And 
again: 

ne . .. Within the ovum the Sudan III is deposited in the germi- 
nal disc and in the latebra in smaller amounts than elsewhere. This 
is undoubtedly to be associated with the lower fat content of these 
regions of the egg.” 

‘““If now one compares and contrasts these processes with those 

known to accompany inheritance; 7.e., developmental processes, some 
interesting features appear. There is, to be sure, transmission of the 
dye from soma to germ; there is a persistence of that which is trans- 
mitted to such an extent as to cause the soma obviously to display the 
“new character.”’ If the body fat in the chick were used up in egg 
production as was elsewhere noted, some of the dye would of necessity 
again be deposited in the several eggs next formed; these eggs would in 
turn supply the somatic tissues developing from them. But this must 
inevitably come to an end in a few generations; the stain sooner or later 
will become diluted to the vanishing point. Again there is absolutely 
no growth of the material forming the ‘“‘character,’’ nor is there any 
chemical change either in early or in late phases of the life cycle.” 
_ We have then in such a case as this, the simplest type of a trans- 
missible character which is carried into the germ cell but which remains 
chemically unchanged and a passive agent until so diluted by purely 
mechanical distribution that it- does not visibly express its presence. 

Very similar to this case is that of so-called ‘“‘hereditary”’ syphilis. 
Here the syphilis organism is the actual material handed on from parent 
to offspring. In cases where successful transmission from parent to 
offspring takes place through an uninfected parent, the organism is 
borne as a passenger by the sex cells of the affected parent. Following 
its usual habit, the organism multiplies in the tissue in which it finds 
itself with the result that the fetus is infected. If now the fetus 
matures and though suffering from the disease reaches birth and grows 
to sexual maturity, there is, entirely outside of the chance of contact 
infection, an opportunity for its germ cells in turn to actually transmit 
the organisms to an uninfected individual and so to repeat the process 
above outlined. 


Of course, in such cases, germ cells might, and probably would be 
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formed free from the syphilis organism, due to the mechanical nature 
of the process by which the organism is distributed through the 
tissues. It will be observed that there is obviously no way of predicting 
what proportion if any of the germ cells of a given individual are going 
to carry the organism. This is in marked contrast with true inheri- 
tance, the nature of which we shall later consider. 

A moment’s consideration will serve to make clear the points of 
similarity between these two cases. In the first place the materials 
transmitted retain their identity without chemical change, in the second 
place they are both transferred from soma to germ by a mechanical 
process, as an outside or foreign body and finally they persist and 
reappear unmodified in the somatic cells, of the next generation. 

We may next consider a slightly different category of cases, namely 
those in which attempts have been made to modify the germ cells by 
external agents, either physical or chemical. Among the numerous 
efforts made along these lines two sets of experiments stand out clearly. 
The first of these is work with radium and the second is treatment with 
alcohol vapor. 

A. Experiments with Radium.—The destructive effects of radium 
on living tissue as evidenced by its ability to inflict severe burns and 
its therapeutic value in the treatment of cancer, have long been of 
considerable interest to biologists. Because of its absorption by and 
influence on the cell and particularly the nucleus, radium has been 
used as a possible modifier of the germ cell. 

Chief among the experimenters in this field, are the Hertwigs who 
have carried out an interesting series of crosses with different species 
of frogs and other cold-blooded, water-inhabiting animals. 

The mechanical advantage of using for experimentation a form in 
which fertilization normally occurs outside the body after the libera- 

tion of both male and female sex cells into water, is very great. The 

sex cells can be easily reached for treatment, the number of eggs 
liberated is commonly very large and the course of development easy 
to observe. These factors have contributed to the success which has 
been obtained by the Hertwigs. 

In general their results may be summarized as follows: The em- 
bryos resulting from fertilization between lightly treated sperm and 
a normal egg are malformed and abnormal in character. The same 
is true in the case of a slightly treated egg fertilized by a normal sperm. 
In the two cases there is little if any difference in the nature or extent 
of the abnormalities, provided the dosage of radium is the same in 
both. 

If either the sperm or the egg is treated for a long time, and is then 
combined in fertilization with a normal germ cell, the result is most 
surprising. Instead of an increase of abnormalities and deformities the 
resulting embryo is small but normal, and its development is distinctly 
slow. Cytological investigations have shown that such embryos are 
parthenogenetic. The radiated germ cell takes no part in develop- 
ment beyond the actual process of fertilization and the nucleus of the 
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normal germ cell becomes the sole participant in the processes of cell 
division. 

Unfortunately no cases have been reported of breeding records of 
the abnormal individuals and we cannot therefore determine whether 
and in what degree the abnormalities will be transmitted to succeeding 
generations. The appearance of abnormalities following light treat- 
ment strongly suggests the results obtained with alcohol vapor by 
Stockard with guinea pigs—but the occurrence of parthenogenesis 
shows a type of effect not seen in the guinea-pig experiments. Radium, 
because of its selective action on the nucleus is of especial interest in 
attempting to modify the germ plasm. Its effects are undoubted, but 
a regular and predictable genetic behavior following modification of 
the germ plasm without weakening or partially destroying its reactions 
are still to be obtained. 

B. Experiments with Alcohol.—Pearl has carried out an extensive 
series of experiments to study the effect of the inhalation of alcohol 
vapor on the progeny of the domestic fowl. Throughout his experi- 
ments he has carefully controlled his tests by a considerable number of 
untreated animals. He has compared the progeny of tests and of 
controls in respect to prenatal and postnatal mortality, occurrence of 
abnormalities, weight at hatching, adult weight, rate of growth, and 
total number of progeny obtained. In every character except the 
last, the treated animals gave a better breeding record than did the 
controls. 

Pearl interprets this as meaning that there is a selective mortality 
of weaker germ cells, as a result of the alcoholization, thus producing 
aselected surviving class which represents zygotes formed from stronger 
germ cells only. 

In support of this he cites an interesting experiment in which a 
control group of artificially incubated eggs was compared with groups 
of artificially incubated eggs which had been subjected to fumes caused 
by the daily evaporation of 40 c.c. of 95 per cent ethyl alcohol for one, 
two, and three weeks respectively. The mortality in the egg was then 
observed and the chicks of all lots marked, and subjected to rather 
poor brooding facilities to induce a relatively high proportion of abso- 
lute mortality. The result was as follows: 

ES ie Serhan Bi Eni ee ee 


Per cent. Per cent. dead pokes 
Eggs set infertile 30 days after | cent. of fertile 
hatching eggs 
Lot 1—Alcohol one week.... 130 26.2 28.3 | 42.7 
Lot 2—Alcohol two weeks... 130 26.9 — 212 43.2 
COM tTOIS =: cava S eenneen eae 390 28.5 34.1 38.7 
Lot 8—Alcohol three weeks. 130 32.3 37.5 60.5 


It will be observed that the similarity of the four lots of eggs as 
regards the percentage of infertility is marked. The higher prenatal 
mortality of the alcoholics is also clear. When, however, we consider 
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the postnatal mortality of the alcoholics and controls, we find that the 
former are of two sorts. Thus lots one and two have had sufficient 
alcohol to eliminate the weaker individuals and retain the stronger 
aan = ee — oe much exposure to the vapor that it consists 
of weakened individuals which are sligh i 
life than were the controls. 2 SOE ie haa meets 
This experiment forms a strong support for Pearl’s belief that alco- 
holization results in a selective mortality and a resulting superiority 
on the part of the surviving individuals in the alcoholized groups. 
The general summary of Pearl’s data is given in one of his 1917 
papers and is in part as follows: 


Treated Treated 
aa xX | a xX | Alltreated| Untreated | Net result 
untreated treated parents controls | °™. piconot 
29 2.9 offspring 
Per cent. of infertile eggs, 7.e., in which 
no embryos were formed........... 25.2 59.2 ae 25.3 - 
Per cent. of embryos dying in shell... 36.6 26.9 33.3 42.2 ao 
Per cent. of fertile eggs which hatched. 63.0 72.3 66.7 57.8 + 
Per cent. of all eggs which hatched... 47.1 29.4 38.6 44.4 - 
Per cent. mortality under 180 days of 
SPE esate chee are Bis Bieta sok vs ols es +i 10.6 17.6 36.9 + 
Per cent. mortality over 180 days of 
itis RAI Oe. irae, Na aides wa = Seed 5.9 13.6 10.3 15.3 + 
Mean hatching weight per bird 7 o@.. 34.91 36.97 srndis 84.24 + 
Mean hatching weight per bird 9 @.. 35.04 37.17 ae 34.73 + 
Mean adult weight per bird o'c.... 26.69 28.15 ates 23.92 + 
Mean adult weight per bird 9 9..... 20.20 20.63 aunts 19.28 + 
Per cent. of weak and deformed chicks. 0.7 0 0.4 1.0 + 


It is therefore apparent from the above table that alcoholization has 
resulted in a stringent elimination of the weakest, 7.e., the most suscept- 
ible germ cells, and further that these germ cells which have been elimi- 
nated would, if they had survived, have formed inferior zygotes from 
the point of view of every character measured. Alcohol then becomes 
a selective agent which by wiping out the weaker germ cells, especially 
the eggs, has decreased the total number of young produced but left 
physically healthier and more vigorous offspring. Whether the con- 
clusions reached are applicable to mental traits is still a matter of 
doubt but,so far as the physical traits of the fowl studied are concerned, 
the results are strikingly clear. 

Much the same results have been obtained by Nice, following the 
alcoholization of mice. His experiments included administration of 
alcohol by two methods, an earlier series in which the alcohol was given 
with the food and a later series using an inhalation method similar to 
that employed by Pearl. Since the two series gave qualitatively like 
results, we may, for the sake of consistency confine our attention to 
the inhalation experiments. Four series of 11 weeks old mice were 
used. Each series consisted of three males and six females and were as 
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follows: Control—untreated, male alcoholized, female alcoholized, and 
both male and female alcoholized. These groups together with a 
second generation from alcoholized parents, were compared in respect 
to early mortality, fecundity, and growth as measured by increase in 
body weight. The results may be tabulated as follows: 


Harty MortaLity 
eg eo 


; Per cent. 
fore Died i ities 
Gon trOl rc tien ee ee oa, tee ee een 47 0 0.0 
GAWALCORLOLIC em rateraierevee Oren eae nee reece 66 4 6.0+1.91 
GHATCOHOMC HY Se ss oh od eis ope ee 41 4 9.8+2.99 
Bothtalcoholig MSs. qareieda fh ecreree- 73 5 6.84+1.91 
Second generation alcoholic.............. 25 1 | 4.04+2.6 


It will be observed that there is more early mortality among the 
alcoholized groups than in the control. It is however, a question as 
to whether this fact has a real significance for if the chance deviation 
as expressed by the probable errors are taken into account it will be 
seen that even without a calculated deviation for the controls the diffe- 
rences between it and any of the alcoholic groups is scarcely three 
times the probable error. If a single one of the 47 control animals had 
died, not one of the differences between the control series and any 
of the alcoholic groups would have been significant. 

In the case of fecundity it will be seen that the difference between 
controls and alcoholics is more marked. The fact that the various 
groups were under observation for different periods makes direct 
comparison difficult. 


FECUNDITY 
| A os 
Average young verage Dum | Months under 
: ber of total , 
per litter observation 
young 
| 

Control. dicts tick aoe ee ree oe Boll | 6.5 7 
UA CONOIC. hie ite ec araee 6.6 11.0 7 
GEA CON OMG sac adegei eee eerie 6.83 10.25 4 
Botngalconolic. asec oceans 6.5 9.3 4 
Second generation alcoholic... . .| 8.3 8.3 Py 


Commenting on these results Nice states that ‘‘The female alcohol 
mice show the greatest fecundity of all the lines while the double alco- 
hol and second generation of alcohol mice come next.” This is an 
interesting contrast to the results obtained by Pearl (page 177), when 
the total progeny is considered. It is however, quite probable that the 
difference is only superficial for if a selective elimination of eggs 
within the ovary took place before ovulation, the average number of 
young born would become more directly comparable to Pearl’s cate- 
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gory of “Percentage of fertile eggs which hatched,” and in this group 
it will be remembered that the alcoholized fowl were superior. 

Finally as regards growth within the various groups Nice found that 
although there was a certain amount of overlapping and crisscrossing 
at the first part of the curves, they later became more characteristic 
and at the eighth week the weights stood in the following order: 
Second generation alcohol 15.1 gm., female alcoholic 14.3 gm., male 
alcoholic 13.6 gm., double alcoholics, 13.0 gm., controls 11.6 gm. 

There were no still births, abortions, and no monsters obtained. 
In closing, Nice points out that mice are very resistant animals and 
behave quite differently under alcoholization from guinea pigs, experi- 
ments on which we may next consider. 

Stockard and Papanicolau have carried out an extensive series of 
experiments in an attempt to modify the germ cells of guinea pigs. 
Their work has stretched over a period of several years, and has yielded 
many interesting results. Certain points such as the heterogeneous 
_ and mixed nature of the strains and races of guinea pigs used by them 
are of course sources of trouble in generalizing from their data. How- 
ever, inasmuch as their work provides practically the only evidence of 
positive influence of alcohol on the germ plasm it will be considered 
in some detail. 

Their first extensive paper published in 1913 demonstrates that 
an effect of the alcohol can be transmitted through the parent to the 
offspring and by them in turn to another generation of descendants. 
Although the figures are not reduced toa basis of percentage and though 
no probable errors are calculated, it seems certain that the given data 
show that alcoholic animals are significantly worse than the controls 
as regards negative results of matings and early abortions, stillborn 
litters, number of living litters, and young dying soon after birth. 
What holds for the immediate progeny of treated animals also seems 
to apply to the next generation as well. 

This is of course, striking, and is characterized by Stockard as the 
initial experimental evidence ‘‘that an injury of the germ cell may 
express its effects on the offspring and be passed through subsequent 
generations.” It is interesting to note that Stockard considers 
the effect produced as ‘‘an injury.”” This appears to be significant, 
and will later be referred to when we consider just how far transmission 
rather than heredity is involved, in the handing on of the defects. 

In his conclusion of this earlier paper he states ‘‘ The poison injures 
the cells and tissues of the body, the germ cells as well as other cells, 
and the offspring derived from the weakened or affected germ cells 
have all of their bodies defective, both soma and germ, since each of 
the cells is a descendant of the injured germ cell combination. In this 
manner, the defects or degenerate conditions are transmitted or passed 
to subsequent generations.” ; 

It is however, entirely conceivable that a normal cell might arise 
from a combination of two abnormal ones, and that the truth of the 
extent of the modification or injury process may really lie somewhere 
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near but slightly below the complete and absolute degree of modifica- 
tion which Stockard suggests. Furthermore, different individual 
germ cells are undoubtedly subjected to different degrees of injury 
by being more or less resistant because of age, or physiological condi- 
tion, or contact with different concentrations of the injurious substance. 
This would result in the presence of different degrees of abnormality 
from perhaps unrecognizable modifications to complete inactivation. 
The logical sequence to this would be the disappearance of slight 
grades of the injury in some or perhaps all descendants of certain of 
the most lightly affected animals. 

In 1916, Stockard, in collaboration with Papanicalou, published a 
further analysis of what they have termed the “hereditary transmis- 
sion of degeneracy and deformities.” 

Much of this paper consists of an effort to demonstrate a differen- 
tial effect on the sexes. This question will be brought up again later 
when we consider sex. In the meanwhile it will suffice to say that 
much of the evidence which they believe to be significant does not 
stand the test of mathematical analysis, of the most elementary sort, 
The increased numbers, however, add weight and conviction to their 
general tenet and show beyond reasonable doubt that they have obtained 
a transmission of injured germ plasm for more than one generation. 

Thus a summary of the different matings may be constructed from 
the table given in the 1916 paper, on page 77. 

The three bottom lines of this table give an interesting test of the 
differences existing between the three lines. Those in which one or 
both parents were alcoholized and those whose grandparents or great 
grandparents only were alcoholized resemble each other. The latter 
category shows if anything greater mortality than the former. This is 
striking for the immediate administration of alcohol is two or three 
generations removed. Both of these alcoholized groups are signifi- 
cantly different from the normal control group as the following compari- 
son will show. : 

The difference in percentage of surviving young from control and 
parental alcohol lines is 35.9 + 3.22. This difference is 11.14 times 
its probable error and is certainly significant. It is much the same 
when the record from second and third generation alcoholics as com- 
pared with the controls. In this case the difference ‘in percentage is 
40.3 + 3.41, or 11.79 times its probable error. 

These two results establish beyond any doubt that there is a 
significant difference between the progeny of controls and alcoholics 
in respect to early mortality. Without entering into a detailed analy-_ 
sis of the data, it may be added that the same relationship holds good 
for structural abnormalities and deformities. The alcoholic lines are 
significantly inferior in these respects when compared with the controls. 

In their 1918 paper the same authors bring certain other criteria 
under consideration, These include average litter size, the number of 
oversized individuals and the number of undersized individuals. 

The average litter size of the normal lines is 2.77 young, and of the 
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alcoholic lines, 2.47 young. The difference between them is 3.5 
times its probable error and is therefore probably significant. 

The percentage of oversized individuals in normal lines is 5.58 and 
in alcoholic lines 2.86. The difference in this case is not significant. 
On the other hand, the percentage of undersized individuals in normal 
lines is 0.42 and in alcoholic lines 1.34. Here the difference between 
the lines is great enough to be probably significant. 


The authors gave two very interesting tables of comparison in the 
The first of these consists of the breeding records of 
certain normal individuals crossed first with normal males and then 


later paper. 


with alcoholic males. 


The results are shown herewith. 


pm 


14 normal males mated | 15 normal females mated 
successively with: successively with: 
Normal | Alcoholic |~Normal | Alcoholic 
ome) 259 ofrotl oMrot 
INOMOlInatings ress see aes 36 44 26 23 
Rotaleyoungrn wakes stn. eel 86 100 59 50 
Negative resultz2... 02.66 .- 2 4 1 5 
(5.55%) (9.09%) (3.84%) (21.73%) 
Lived over three months..... 65 58 51 30 
Dead within three months... Ball 42 8 20 
(24.41%) (42.0%) (13.55%) (40.0%) 
Detectives: ca...ce ae eee 0 6 0 is 
(6.0%) (10.0%) 


This is a striking result and shows a consistently poorer record 


by alcoholics. 


The second table is a comparison somewhat similar 


to that of Pearl’s of normal and alcoholic lines in respect to the char- 


acters studied. 


1918 paper and is, in part, as follows: 


It is found on page 209 of Stockard’s and Papanicalou’s 


Qualities measured Normal | Alcoholic alt ecto 
| Ale. inferior — 
| 

PAP eGOE Lither 9's Pg ch cae erate ony oe omen 2.47 _ 
Railiune to conceive. iccset cee ene 4.45% 13.04% — 
Early prenatal death..................| Low High — 
Proportion late prenatal death.......... 51.92% 70.14% ~ 
Postnatalémortality .. oa. de. 2+ owe 10.70% 10.60% 0 
BLO tal mortality.: .. cele eee eee 22.31% | 35.52% - 
UNDmOrmiBlities.:: ss 55.2 um Am eee eel 0 2.52% ~ 
ROMCEELZG AN. vii 5 ee ee 0.42% 1.34% - 
Average birth weight of litter...........| 197.12 170.0 == 
Average birth weight of individual...... CoaLo 70.35 ae 
Average weight one month............. 228.64 | 213.94 = 
Average weight three months...........) 425.11 404.13 of! 


SO 
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The record of alcoholics is inferior in all the characters studied 
except post-natal mortality, in which case neither appears to have an 
advantage. 

Although at first glance the results obtained respectively by Pearl, 
Nice, and Stockard, appear to be at variance, further consideration 
shows that such is not actually the case. There is no difficulty in 
explaining all results on a common ground if we assume that the 
material used by Pearl and Nice expresses its susceptibility to alcohol 
in the extremely early stages of ontogeny, or during gametogenesis and 
is far less susceptible if not entirely unaffected in the later stages. 
There is a sharper line of demarcation between the affected and the 
unaffected individuals, and the various grades of effects seen in guinea 
pigs are in fowl and mice all lumped into one class, resulting in the 
death and destruction of the germ cell. The result is, that in these 
forms there is a selection process which eliminates the weaker and 
malformed individuals thus producing an unusually healthy and fit 
population. In guinea pigs, on the other hand the effects are more 
variable and the appearance of undersized and deformed individuals 
as well as the high early post-natal mortality results in a weakened and 
unfit race. 

If we now consider this work with alcohol and radium in relation to 
the behavior of Sudan III and of the syphilis organism we shall recog- 
nize that conditions are much more complex in the first named case 
than in the two last-named cases. The results from the alcoholization 
experiments approximate true inheritance much more closely than do 
those obtained with the syphilis organism or with Sudan III. 

Yet there is even in the work with alcohol the feeling of a difference 
between its behavior and that of inheritance in the analyzable and 
predictable sense in which the last named process has come to be 
viewed. 

Stockard in speaking of this matter in 1913 said, “ Arguing from this 
analogy there must be pathological heredity due to diseased or altered 
chromosomes in the germ cell just as truly as there is a known patho- 
logical behavior of every other organ and tissue of body.” It is clear 
that he had in mind the fact that the germ cell had been injured and 
had become pathological. This seems entirely probable and will be 
returned to once more when we have reviewed in some detail the 
behavior of truly inheritable characters. 

While interesting and significant they all, up to the present, leave 
something to be desired as orderly, modifying agents. They are 
invaders of the cell rather than participants in its functions and they 
interfere in the cell mechanics and in the origin of normal daughter cells 
either by providing a foreign body or substance to go into the daughter 
cell or by disrupting the normal method of cell division. 


Il. GENERAL DEVELOPMENT OF GENETICS AS A SCIENCE 


The broad foundation from which the science of genetics has been 
built up is the mass of information collected by Darwin and the adop- 
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tion of an evolutionary point of view to which this led. With the 
adoption of an evolutionary point of view the need of explaining the 
processes of handing on resemblances from one generation to another 
became paramount. 

The stimulus which Darwin’s work gave to experimental biology 
and its all important réle in the formative stages of the science of 
experimental genetics can be seen by considering briefly the develop- 
ment of that science from Darwin’s time to the present with reference 
to the following matters: 

(a) The relation of soma and germ plasm. 

(b) The nature of genetic change. 

(c) Practical methods of analysis. 

(d) Recent advances. 


A. THE RELATION OF SOMA TO GERM PLASM 


Darwin postulated an intimate connection and relationship between 
soma and germ plasm. His theory of pangenesis provided a mechan- 
ism by which through the medium of the blood stream, it was possible 
for the hypothetical pangens—or tiny biological delegates from various 
parts of the soma to make their way to the germ cells and there affect 
the portion of the germ-cell which was to be responsible for the develop- 
ment of that particular part in the soma of the next generation. 

It will be seen that this hypothesis was necessitated only by the 
supposition that germ cells were developed by the soma, and that 
effects of use and disuse of various parts of the soma led to changes 
which were faithfully reproduced by the pangens in the germ plasm. 

Since as we shall see, this particular relationship between germ 
plasm and soma does not actually exist, there is no need of anything to | 
explain a type of transmission from the soma to the germ, which has not 
been observed. 

We may then discard the theory of pangenesis and similar efforts to 
provide a means for such transmission and consider briefly the contri- 
bution made by Weismann in clarifying the relation between germ 
plasm and soma. 

Weismann showed that there was continuity of the germ plasm 
from one generation to the next and that somatic modifications such as 
mutilations did not leave any impression on the germ plasm and were ° 
therefore not inherited. By his view the germ plasm became essen- 
tially immortal and existed in an unbroken string from one generation 
to the next. 

Furthermore his work led the investigators of that time to focus 
their attention upon the germ cells and upon the breeding behavior 
rather than upon the somatic appearance of the individual. 

This change in point of view bore the most valuable and interesting 
fruit, for it lies at the foundation of experimental genetics and is the 
basis on which experiments, leading to considerable progress, have 
been made. 
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1. Non-inheritance of Acquired Characters.—During recent years 
abundant efforts have been made to obtain conclusive evidence on the 
inheritance of acquired characters. If we judge the characters studied, 
from a purely Lamarckian standpoint we are forced to conclude that 
the results of these efforts have been negative or inconclusive. 

_ This as Conklin has pointed out. is largely because the-whole 
postulate of Larmarckian ‘“‘acquired” characters is based upon a 
mistaken conception of the true relation between soma and germ 
plasm. This may be explained by the following diagram (Fig. 54) 
showing the correct and the incorrect conception of the relationship 
between germ cell and soma in sexually reproducing forms. 

It will be noticed that the germ cell does not give rise to the soma 
and the soma in turn, to germ cells for a new generation. Rather it 
appears that germ cells give rise to two things a soma and other germ 
cells. It therefore becomes fairly clear that the idea of the trans- 
mission of modifying influences from the soma to germ cells which were 
being developed by it, is based upon a false premise as to the origin of 


Gent Gen IL. Gen I. 
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Fic. 54——Diagram showing relationship of germ plasm (solid circles) to soma 
(shaded squares). A, correct relationship showing derivation of germ plasm from 
preexisting germ plasm (continuity of germ plasm). B, Incorrect relationship 
showing derivation of soma from germ and germ from soma. 


the germ cells which are to be modified. Such a transmission of 
effects from soma to germ therefore becomes illogical and unnecessary. 
The problem changes to a question of how to modify future germ cells 
through influencing existing germ cells—their ancestors. This is a 
question far removed from Lamarck’s conception of acquired characters 
and involves therefore an entirely different line of treatment and 
approach. 
Among the many experiments attempted we have in the persistent 
and transmissible effects of alcohol observed by Stockard and Papani- 
colau, already referred to, a possible case of modified germ plasm 
giving rise to modified soma and again to modified germ plasm. — 
The parallel between germ cells and cancer cells has been pointed 
out by Leo Loeb and the analogy leads .to interesting comparisons. 
The cancer cell represents a departure of a marked and definite 
physiological nature from the usual conditions of normal controlled 
growth found within the tissue in which it arises. This change appears 
to be permanent and is handed on to the cell descendants faithfully 
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and, so far as we know at present, in an unchanged condition. The 
environment of the abnormal cancerous tissue may be changed by 
transplantation to a new host. Here, however, if growth is possible, 
the old characters are maintained, and the cancerous tissue retains its 
identity and physiological independence. 

The analogy between its behavior and that of the germ cells is 
extremely striking. There is a continuity between the ‘‘transplant”’ 
generations of cancer cells just as there is between the germ plasm of 
succeeding generations. 

The permanency and constancy of the biological properties of tissues 
are obviously fundamental and this is true of all types of tissue. Nowhere 
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_ _Fia. 55.—Diagram showing experiments of Castle an ili i 
indicate absence of foster mother influence. A, Two hind paises Sar ale 
only albino young. B, Two black guinea-pigs giving only black, C, Castrated 
albino guinea-pig, female, with implanted black ovary taken from black female 
(dotted lines) giving, when crossed with albino male, only black young. 


is this more clearly seen than in chimeras among plants. Here a shoot 
has been given off exactly at a junction between a graft and its stock. 
In some such shoots one-half longitudinally is characteristic of the 
scion, and the other half of the stock, and this holds in the branches 
leaves, flowers and fruit given off by the respective halves. In other 
cases, the outer layer of the shoot’s tissues are like one parent, and the 
inner layer like the other. The point of interest to us at main is the 
ee j a auey at which each part guards its individuality and the 
ordinary failure of anythi i 
sad ything resembling a blend between them to 
There is no question that environment can gr 
of the soma by direct action. The effects of sie. A eee 
feeding glandular extracts and of exercise are examples with which all 
medical men and biologists are familiar. What is not usually so clear 
J 
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however, is the more important truth that the effects are not 
permanently impressed upon the germ plasm. This is because 
the germ plasm contained in the obviously modified soma is directly 
descended from other germ plasm which is free from the effects in 
question. 

An interesting series of transplantation experiments by Castle and 
Phillips has shown the inability of the soma to influence the germ 
plasm, residing in it, in respect to coat-color characters in guinea pigs. 
It has been shown by a score of investigators that albino rodents 
including guinea pigs, breed true. That is to say, when two albino 
guinea pigs are bred together, their offspring have without known 
exception, been albinos. The same is true of certain races of colored 
guinea pigs. Animals from such races give only colored and never 
albino young. Castle and Phillips transferred the ovaries of a young 
guinea pig from such a colored race to the body cavity of a young 
albino guinea pig whose own ovaries had previously been removed. 
‘Their object was to determine whether the soma of the albino would 
affect the ability of the colored animal’s ovary growing in it, to produce 
only colored offspring. They mated the albino containing the ‘‘col- 
ored”’ ovary with an albino male. In such a mating of “colored” with 
albino it was known from much previous work that if the transplanted 
colored ovary was uninfluenced by its albino foster mother, only 
colored young would result. This was indeed the case, none of the 
seven young produced being albinos. A similar result was obtained 
for two other types of coat-color pattern and the conclusion 
was inevitable that the transplanted ovaries were unmodified by 
their foster mother in so far as the color characters studied were 
concerned. 

The conclusion can however, only include color characters and since 
these are known to be dependent upon enzyme action it is entirely 
possible that minute quantitative effects of the foster mother might 
have passed unnoticed. This necessarily follows since if the time 
given for enzyme action had been sufficient and the concentration of 
the enzymes unchanged, the end products, namely, the color produced, 
would have been the same even if the quantitative relations had been 
slightly modified. 

The burden of proof that such quantitative changes or modifica- 
tions do occur is, however, not theirs, and the evidence in so far as it 
goes supports the view that the hereditary properties of the trans- 
planted ovaries are unaffected. 

We may therefore sum up the evidence as to the inheritance of 
acquired characters in a Lamarckian sense, by saying that there is no 
evidence or expectation that modifications of the soma will be passed 
on to the germ cells and that therefore modification of the hereditary 
characteristics must come from affecting the germ cells themselves 
either alone or as a part of the soma since they and they alone are the 
ancestors of future germ cells. 
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B. GENETIC CHANGE 


Having considered briefly the relationship between the germ plasm 
and the soma we may next examine what is known of the method and 

es of genetic change. 
pes is views ay these matters are familiar to all. The gradual 
and continuous nature of the processes underlying the origin and hand- 
ing down of inherited modifications was featured by him and was 
considered of general application and of primary importance in the 
scheme of evolution as he saw it. He mentioned the occasional 
appearance of sudden abrupt changes giving rise to considerable 
modifications of structure, but believed them to be the exception 
and of secondary importance only. 

This feeling that genetic change was due chiefly to minute steps, 
continuous and frequent, became a generally accepted doctrine and 
formed the basis for Galton’s Law of Inheritance, and for the School 
of Biometricians which developed during the last part of the nine- 
teenth century. The idea remained in ascendancy until De Vries in 
1900 published his work on the ‘‘ Mutationstheorie.” 

In his work he recorded among other things, extensive experiments 
with the evening primrose Oenothera lamarckiana and stated that he 
believed that species were formed by sudden abrupt changes which he 
called mutations. Uf these changes were then the chief agents in the 
formation of species, and species were in turn considered, the stepping 
stones of evolution, then it followed that these mutations or sudden 
changes of considerable extent were the chief means of evolution. 

Coming as it did in the face of a well-established belief in minute 
gradual changes as the chief agents in evolution, the new theory 
met with a somewhat mixed reception. The rediscovery of the 
Mendelian principles occurring simultaneously, however, aided it con- 
siderably and it grew rapidly in favor. 

The present feeling of a majority of geneticists would, I believe, 
be fairly expressed by stating that evolution within the germ cell occurs 
by definite steps and that these, representing changes or rearrange- 
ments of a physico-chemical nature within molecules, are of necessity, 
sudden and discontinuous. 

If, as frequently happens, such a change produces as its direct 
effect a marked and distinct somatic modification it forms one of the 
true mutations of De Vries or “sports” of Darwin. If, on the other 
hand, the germinal change though just as distinct and definite in 
nature, affects to a far lesser degree the visible somatic characters, 
the appearance would be that of a minute “‘continuous”’ variation 
quite distinct from the more easily recognizable changes or mutations. 
Yet the underlying process in the germ cell might well be identical in 
size and importance in both cases. 

It may therefore, be stated that the modern point of view of 
geneticists is more nearly De Vriesian than Darwinian, and that the 
ee ae chief interest is not how species are formed, but rather 
a : . the nature of the genetic changes which modify the germ plasm 

us shape the rate and degree, if not the course of evolution. 
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Y C. METHODs OF ANALYSIS 

In no respect perhaps has a greater advance been made since 
Darwin than in methods of analysis, of the data obtained in investiga- 
tions of the nature of inheritance. The methods of analysis most in 
use may be classified undér two main headings, as cytological, and 
Mendelian. It is not intended to suggest that the two methods are 
mutually exclusive. On the other hand, they tend to aid and support 
each other as will be seen shortly when examples of their application 
are considered. 

1. Cytological.—Inasmuch as cytological investigations result- 
ing in explaining the form and chemical makeup of the sex cells must 
be the eventual goal of experimental genetics it will be well to consider 
first the nature of this method of analysis. During this treatment of 
the subject, particular attention will be paid to the chromosomes since 
they have been demonstrated by Morgan and his associates to be the 


Fic. 56.—Diagrammatic representation of chromosomes of somatic cells of 
Drosophila Melanogaster, male and female. Note four pairs, I to IV, and the 
sex chromosomes, XX in the female; XY in the male. 


bearers of, or an intimate reflection and synopsis of many of the heredi- 
tary characters. 

The number of chromosomes in the somatic cells of an individual 
is, generally speaking, constant. It however, varies greatly and 
apparently fortuitously in different species. Thus the fruit fly 
Drosophila melanogaster with which Morgan has worked, has eight, 
another Drosophila ‘(buskiz) has 10, Dogs, 22; Rabbits, 24; Mice, 40; 
Man, 48; Peas, 14; and Corn, 10. These numbers have been deter- 
mined after careful cytological investigation and in most cases by 
several investigators. 

When the individual reaches sexual maturity and its testes or 
ovaries as the case may be, begin to mature the sex cells, a reduction 
in the chromosome number of the mature sex cell to one-half that of 
the number in the somatic cells takes place. It has been shown con- 
clusively that in Drosophila, the eight somatic chromosomes are in 
reality four pairs, and that in reduction one of each pair goes to each 
germ cell. Furthermore, these pairs differ in size and shape as Fig. 3 
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shows diagrammatically, and ee anes: individuality throughout all 

rocesses of cell division and reduction. hes 
the This principle of individuality of the chromosomes = a all Pres 
bility, general in its application and as will be seen short. y, is a e 
nomenon of considerable importance and significance. The independence 
of the chromosomes, their individuality, and their reduced aan 
the sex cells are fundamental. The sex cell with its reduced number 
of chromosomes is known as a gamete. When two such cells meet in 
fertilization a dual individual with the characteristic somatic number 
of chromosomes is synthesized and is known as a zygote. The indivi- 
dual as we commonly know it is then, from its origin, a double organiza- 
tion. Nowhere has this been more clearly demonstrated than in 
frogs developed by artificial means from unfertilized frog’s eggs by 
Batallion, and by Loeb and Bancroft. The successful development. 
of parthenogenetic individuals and their metamorphosis from tadpole 
to frog has shown that the ordinary vertebrate has a double organiza- 
tion which under certain conditions at least is not absolutely necessary 
to the life and development of an individual. We shall refer to this 
condition again when we consider the next great advance in methods 
of analysis. 

2. Mendelism.—General Statement.—Gregor Mendel was an 
Austrian monk, a professor of mathematics at a monastery in 
Briinn. Being a botanist as well, he combined his knowledge in the 
two fields in an effort to discover and formulate a workable and pre- 
dictable “law” of inheritance. In doing this, he showed extreme 
skill in his choice of material, originality, and brilliance in his methods 
of investigation, and logical, accurate and unassailable reasoning in 
his interpretation of his results. His short communications published 
in 1866, in an obscure journal remained unrecognized and buried 
until simultaneous, independent rediscovery in 1900, of the principles 
which he had recorded, by Correns, von Tschermak, and De Vries. 

In certain of his experiments, Mendel used garden peas and in their 
study introduced an important new point of view. This consisted in 
focusing attention on pairs of characters in which well-established races 
differed. Thus for example, he had one race of peas which grew to a 
height of from six to seven feet (tall) and another race which grew 
only to from 18 to 24 inches (short). By breeding tests he knew that 
each of these races was breeding true in respect to-the height character 
which they possessed. The tall plants gave only tall offspring, and the 
short plants, only short offspring. If now, we arbitrarily give to the 
tall and short characters, abbreviated symbols, 7 for tall, and ¢ for 
short, and if we, knowing these characters to be inherited, remember 
that each individual plant is a dual structure or zygote, formed from 
the union of two germ cells or gametes, we may indicate an individual 
of the tall race as T'7’, and one of the short race as tt. The tall indivi- 
duals will form germ cells with a single representation of T in each, 
the short individuals, germ cells with ¢ in each. 

When however, a tall individual and a short one are crossed 
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together, we have in the hybrid a new combination resulting from a 
union of the 7’ from the tall, and a ¢ from the short parent. Theoret- 
ically, such a Tt plant might be expected to show one of three condi- 
tions. It might be (a) like the tall parent in appearance, or (b) like 
its short parent, or (c) a new form different from either. Actually 
in Mendel’s experiments the first condition was realized, and the 
hybrids grew as tall or taller than their tall parents. 

When now these first generation, or F'; hybrids as they were called, 
were used for breeding the two great principles which Mendel dis- 
covered, came to light. The first of these was the principle of segrega- 
tion in the hybrid germ cells, of the determinants for tallness and 
shortness. That is to say the hybrid Tt formed germ cells containing 
T and germ cells containing t, but never germ cells with both T and t, or 
with neither. Also in so far as it could be seen J’ and t were unchanged 
in character by their association in the same zygote. That is to say, 
they were not contaminated by one another nor blended together. 

The second great principle; random recombination, was that 
gametes containing 7 and those with t were formed by the 7‘ indivi- 
dual in essentially equal numbers and were combined in fertilization 
purely according to the law of chance. 

Bearing these two principles in mind, we may consider a diagram 
showing the crossing of two Tt, Fi; hybrids together. 


Plants crossed fe tale ft — tall 
Forms gametes T and ¢ T and t 
ae 
~N 
These by random recom- Seth 3 Tall 
bination give zygotes in F2 21 
generation ltt | 1 Short 


We have known, from the initial cross between TT and tt individuals, 
that Tt zygotes are tall in appearance, and we should therefore expect 
a ratio of three tall to one short in the second hybrid or F2 generation. 
This ratio was closely approximated in Mendel’s own work, and has 
been demonstrated conclusively by other investigators who have 
repeated the cross. . 

Examination of the four classes of individuals comprising the F» 
generation shows that the short character which disappeared in the FP; 
generation has reappeared. Furthermore, while the short individuals 
are all t# in composition, the tall individuals are of two sorts. One of 
the three is 77 in composition, exactly resembling the tall grand- 
parent which because its composition in respect to 7 is uniform, can 
be called homozygous. The other two are Tt in formula resembling 
their hybrid tall parents, and are called heterozygous. 

Breeding tests of the tall individuals in Fz have shown that these 
two types actually exist in approximately a 1:2 ratio. The test 
made was to cross tall individuals with short plants. When this is 
done, the two types give strikingly different results as follows: 
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(a) Fs (6) Fs 
Plants crossed TT tall X tt = short Tt tall X< tt short 
Forms gametes all T all ¢ T andt all ¢ 
By random 
recombination All Tt = tall Tt} = 1 tall 
forms zygotes tt} = 1 short 


The tall character which has appeared in the F; generation to 
the exclusion of the short is known as the dominant character, and 
the short character which has been suppressed and later reappears in 
the Ff. generation is known as the recessive character. 

Many other characters in peas were found by Mendel to give 
similar alternative results in inheritance, for example: color of cotyle- 
dons and seed coats, form of seed, form of pod, and position of flowers. 

Relations between the two members of a pair of characters are not 
always so simple. For example, Andalusian fowls occur in three 
color types, black, blue, and white-splashed. The white-splashed 
birds are almost entirely white with only an occasional black or blue 
feather. When two such white-splashed birds are bred together, 
they produce only white-splashed young. Similarly when two blacks 
are crossed together, only black young are produced. When blues 
are crossed together, all three types are produced in a ratio of one 
black, to two blue, to one splashed white. Finally when blacks are 
crossed with splashed whites, only blue young are produced. 

The whole case is explicable as one of mendelian inheritance as 
follows: black are homozygous BB, white-splashed are homozygous 
WW, but the heterozygous BW form shows neither dominance of 
ee nor of white-splashed, but is ‘‘blue”’ or intermediate in color. 

us: 


Birds crossed BB = black X WW = white-splashed 
| 
Forms gametes All B All W 
By random y fe 
recombination re 
forms F; zygotes All BW = blue 
Two such blues are crossed with the following results 
Birds crossed BW = blue X BW = blue 
Forms gametes B and W Band W 
By random BB } 1 black 
recombination 2BW } 2 blue 
forms F', zygotes WW } 1 white-splashed. 


The mendelian principles of the unmodifiability of the determinants 
B and W and of the segregation and chance recombination of them 
in the germ cells of hybrids hold good. 
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When more than one pair of mendelian characters are being 
studied, in the same cross, it is usually found that they are entirely 
independent from one another in segregation and recombination, as 
follows: 

In guinea pigs there is besides the ordinary short-haired variety 
seen commonly in the laboratory, a long-haired or “‘angora” variety. 
These two types of coats are a pair of mendelian characters, alternative 
in inheritance. Short hair is dominant over long hair. Entirely 
distinct and independent from these, is another pair of characters— 
colored coat, and albino coat. These also are mendelian, with 
colored coat dominant, and albino recessive. 

If a colored short-haired individual CCSS is crossed with an albino 
long haired animal ccss, the first generation are all colored and short- 
haired as follows: 


Animals crossed Colored short-haired x White long-haired 
CC SS cc Ss 

Gametes all CS | all cs 

Zygotes all CcSs Colored short-haired, carrying albino 


and long-haired as recessives. 


When now, these hybrid colored short-haired animals form germ 
cells, the two pairs of characters segregate independently of one 
another with one of each pair in each gamete. 


Animals crossed F, Colored short oe F, Colored short 
Cc Ss Ce Ss 
Gametes CS CS 
Cs Cs 
cS oS 
cs cs 
Zygotes in F2 CS CG OS GS Each square is a zy- 
CS Cs oS a4 gote, the 16 squares 
i representing the possible 
Cs Cs Cs Cs recombinations of the two 
CS Cs oS ite pairs of characters in 
oS | eS oS oS question. 
GOS; aia Gs cS cs 
cs cs cs cs 
CS Cz; cS cs 


By carefully studying the constitution of the Ps generation animals, 

their various genetic characteristics will be made clear. Tests of 

the constitutions of these animals were made practically by breeding 

them back to the albino long-haired race. Their various genetic 
Vou. I.—13 
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capacities will then become apparent. Examples of tests of the four 
F. types of black short-haired animals follow: 


Le SE ee 


1. Black short Albino long 2. Black short Albino long 
COUSS x CC Ss , Ce SS cc Ss 
Gametes CS cs Gametes CS cs 
oS cs 
Zygotes all Cc Ss Black, Short. Zygotes 2 Cc Ss Colored, short. 


2 cc Ss Albino, short. 
Tested animal homozygous for both | Tested animal homozygous for short % 


short hair and color hair heterozygous for color. 
3. Black short Albino long 4. Black short Albino long 
CC Ss xe CC Ss CcSs x< CC SS 
Gametes CS cs Gametes CS cs 
Cs cs Cs cs 
oS cs 
cs cs 
Zygotes 2 Ce Ss Colored short. Zygotes 4 Cc Ss Colored short 
2 Cc ss Colored long. 4 Ce ss Colored long 


4 cc Ss Albino short 

4. cc ss Albino long 

Tested animal homozygous for color, | Tested animal heterozygous for both 
heterozygous for short hair. color and short hair. 


An extension of the principle governing crosses involving one or 
two pairs of mendelian characters or allelomorphs as they are called, 
can be made to include an indefinite number of pairs. So far, however, 
the number of pairs of characters for any one species which are completely 
independent in inheritance have never been found to exceed the 
reduced or gametic number of chromosomes characteristic of the species. 
If more pairs of mendelian characters exist than there are present 
gametic chromosomes, certain of them are linked in inheritance in 
varying degrees, thus forming groups in each of which the determinants 
carried are related in inheritance. This matter will be returned to 
when sex-linked inheritance is considered. 

(6) Multiple Allelomorphs.—In the cases mentioned which we have 
just observed, there are two segregating and mendelizing conditions 
in each group, forming an allelomorphic pair. There are however 
several other well established cases where three or more conditions 
depend upon mutually allelomorphic determinants only one of which 
can go into each gamete. 

In rabbits, for example, there is besides the completely albinic 
and fully colored types a third grade of pigmentation known to fanciers 
as Himalayan. In this variety, the nose, feet, ears, and tail are 
colored and all the rest of the animal is white. This Himalayan 
condition mendelizes with albinism, and is dominant to it. It also 
mendelizes with complete pigmentation and is recessive to it. For 
such a series, the term “‘triple allelomorphs” has been used. The impor- 
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tant point is that a gamete can contain only one of the three determi- 
nants involved. The result is that only the following types of animals 
can be formed. 


Symbols. C = Complete color C’ = Himalayan and c = complete albinism. 
CC = Colored homozygous 
CC’ = Colored carrying recessive Himalayan 
Ce = Colored carrying recessive albinism 
C’C’ = Himalayan homozygous 
C’c’ = Himalayan carrying recessive albinism 
ce = Albino homozygous. 


ow WW 


A colored individual can carry C’ or c asa recessive, but never 
both. In mice, four such characters are found in a single series of 
multiple allelomorphs representing different proportions of dark 
and yellow pigment in the coat. In cats, there appear to be one and 
possibly two such triple series; in dogs, possibly one;in rabbits probably 
three more besides the ones mentioned; in guinea pigs, a single 
series of five; in the fruit fly, Drosophila, a series of eight eye 
colors. In plants the phenomenon is fairly well known. We must 
therefore conclude that the condition is of general occurrence and 
importance. 

(c) Multiple Factors or Determinants.—In the cases of Mendel- 
ism so far reviewed, we have found that the characters studied have 
apparently depended upon a single determinant or factor in the germ 
cells. Three important variations from this simple condition are 
found. They consist of: (1) Characters which may be produced by 
any or all of several supplementary factors; (2) Characters which 
are due to the simultaneous presence of several independent factors 
and (3) Characters whose variation is due not only to changes in the 
particular determinant which underlies that character, but also to 
other determinants or modifying factors independent of the main 
factor in inheritance but modifying its somatic manifestation by their 
presence. 

As an example of characters which may be produced by any or 
all of several supplementary factors, we have Nilsson-Ehle’s work on 
the inheritance of color in wheat. In this form, red color is dominant 
to white in crosses. In the Ff, generation however, while some of 
the families give a ratio of three red to one white, others give a clearly 
distinct ratio of 15 red to 1 white, and still others ratios of 63 red to 1 
white. This is apparently due to the fact that there are three factors 
for red color, any one of which is sufficient to produce it. We may 
call these factors A, B, and C and assume that white is produced in 
plants lacking all of them and therefore abe in formula. 

This being the case, the 3:1 ratio is produced in families, in which 
the difference between the red and white race is one involving only 
one of the factors A, B, or C. This may be shown in a single family 
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‘as follows: Here we shall suppose that the factor C is the only one 
involved. 


Plants crossed Red me White 
aa bb CC aa bb cc 

Gametes abC ~ abc 

F, Zygotes All aa bb Cc-Red. 

Plants crossed F,; Red x F, Red 
aa bb Cc aa bb Cc 

Gametes abC abC 
abc abc 

F, Zygotes 1 aa bb CC 

2 aa bb Ce Red's 


laabbcc White l 


In similar fashion a 15:1 ratio in F2 may be explained as follows: 


Plants crossed Red x White 
aa BB CC aa bb ce 
Gametes aBC abc 
F, zygotes all aa Bb Cc Red 
Plants crossed FiRed X F,Red F, zygotes 
aa Bb Ce aa Bb Cc laa BBCC 
Gametes aBC aBC 2 aa Bb CC 
aBc aBc 2aa BB Cc 
abC abC 4 aa Bb Cc 
abe abc laa BB cc eS 
2 aa Bb cc 
1 aa bb. CC 
2 aa bb Ce 


1 aa bb ce White 1 


The 63:1 ratio is the result of two reds, heterozygous for A, B, 
and C, all three, crossed together as follows: 


Plants crossed Red ~ Red 
Aa Bb Ce Aa Bb Ce 

Gametes ABC ABC 
aBC aBC 
AbC AbC 
ABc ABc 
abC abC 
aBe aBc 
Abc Abc 


abc abc 
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Zygotes: 63 Red as follows: 


1AA BBCC 
2 Aa BB CC 
2AA BbCC 
2AA BBCc 
4 Aa Bb CC 
4 Aa BB Ce 
4 AA Bb Cc Red 
8 Aa Bb Ce 
1AA BB ec 
2 Aa BB cc 
2 AA Bb cc 
4 Aa Bbc 

1 AA b6bCC 


laabbcc White 


2 Aa bb CC 
2 AA bb Ce 
4 Aa bb Ce 
laa BB CC 
2 aa Bb CC 
2 aa BB Ce 
4 aa Bb Cc Red = 63 
1 AA bb ce 
2 Aa bb cc 

1 aa BB cc 
2 aa Bb cc 

1 aa bb CC 
2 aa bb Cc 


No new or anti-mendelian principle is involved, but simply a an | exten- 


sion and natural result of the inde- 
pendent recombination of heredi- 
tary units which lies at the base of 
his whole theory. 

(d) Characters Dependent upon 
the Simultaneous Presence of Two 
or More Factors.—In mice thereis a 
well-established color variety known 
as “chocolate” or brown. The 
coat is a rich chocolate-brown, and 
the eyes are also brown pigmented. 
The hair pigment consists of brown 
_ granules distributed more or less 
diffusely as shown in Fig. 57, a. 

There is also a variety ofmouse 
known as “blue” or dilute black. 
The coat color is similar to that of 
a maltese cat. The eyes contain 
black pigment and microscopic 
examination of the hair shows less 
dense pigment than occurs in the 
brown animals with a peculiarly 
grouped arrangement of pigment 
granules: (Fig. 57, 6). 

When a brown mouse is crossed 
with a dilute-black mouse, the 
resulting young are heavily pig- 
mented, dense black in color, and 
the hair shows the number and 
distribution of pigment granules 
which characterized the brown par- 


ai 


“Fig. 57. —a, longitudinal sears of 
hair of brown mouse showing een 
granules. (After Weincke, 1918); 6. 
longitudinal section of hair of dilute 
black mouse. (After Weincke); c, 
longitudinal section of hair of black 
mouse. (After Weincke.) 


ent with the qualitatively deeper black pigment of the dilute black. 
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When these blacks are bred inter se they produce four types of 
young in approximately the following ratio: nine black, three brown, 
three dilute black, and one dilute brown. The dilute brown has the 
erouped pigment distribution of the dilute black but the lighter pig- 
ment of the brown. . 

In this cross there are two pairs of mendelizing characters involved 


as follows: 
B factor for black degree of pigmentation. 


b factor for brown degree of pigmentation. es 
D distribution of pigment seen in brown and in black fF producing intense 


pigmentation. j ; : 
d distribution of pigment granules seen in dilute black producing ‘‘dilute 
pigmentation. 
The cross made was 
Brown x Dilute black 
bb DD BB dd 
Gametes bD . Bd 
F, zygotes All Bb Dd Black 


In this cross the character for intense black coat pigmentation depended 
upon the simultaneous presence of the factors B and D. Each parent 
race possessed one of these factors and the cross which resulted in 
bringing them together produced the new black type. Black coat color 
in mice is therefore a character dependent upon more than one factor 
or determinant. Many such characters in all sorts of animals and 
plants are known. 

Modifying Factors.—In rats there exists a coat-color pattern known 
as “hooded.” <A diagram showingits ordinary appearance is shown in 
Fig. 58. It is recessive to solid colored or unspotted coat in inheri- 
tance. Experiments have shown that the hooded pattern differs from 
solid coat by a single determinant. The hooded pattern itself varies 
greatly and Castle believing that this variation indicated correspond- 
ing variation in the determinant underlying the hooded pattern, has 
carried on an extensive series of selections to form races with an in- 
creased and decreased amount of pigmentation. In this, he was 
highly successful. 

The results were at first taken by him to mean that the determinant 
for hooded pattern had been quantitatively modified in the direction of 
his selections. From this he drew the conclusions at first that most, 
and finally that all mendelian factors or determinants were quantita- 
‘tively modifiable by selection and that inconstancy was the rule among 
such factors rather than constancy. 

By far the majority of workers in experimental genetics did not 
agree with this view but held that minor heritable fluctuations and 
variations in a character were the secondary effect upon that character, 
of the action during ontogeny of other genetic factors. It followed 
therefore, that these modifying factors could be possessed by, and 
inherited by animals, themselves not at all hooded. Such modifiers 
would tend to be approximately the same in any one family or race, 
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as compared with distantly related or unrelated animals. If therefore, 
the plus and minus strains selected by Castle were crossed with a 
single solid colored race, and if the hooded animals obtained in F’. were 
again crossed back and the process repeated for several times the two 
races should approach a common degree of hooding, all effects of selec- 
tion being undone. This result has recently actually been obtained 
by Castle who crossed both plus and minus selection lines with wild 
rats and having obtained extracted hooded individuals repeated the 
process several times. The result was that after several generations 


e) 


+H 


Fig. 58.—Diagram showing normal types of the hooded pattern in rats.’ This 
pattern is recessive in inheritance to solid-colored coat. 


the effects of selection were undone and the extracted hooded indi- 
viduals from both plus and minuslinesreachedacommonlevel. Castle, 
therefore, changed his conclusions as to the cause of the effectiveness 
of selection and adopted modifying factors as the probable agent 
involved. 

From the foregoing sections on Mendelism, it will be seen that 
investigators have been forced to the conclusion that the germ plasm 
contains a great number of chemical units or systems acting like units, 
which are the genetic factors and which act as the determinants of 
hereditary characters. ; 

We have seen that some somatic characters have as their hereditary 
determinants one mendelizing factor and that others have several such 
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factors, acting in a:supplementary fashion, others are the product of 
the simultaneous action of two of more such factors. All apparently 
are subject to the effects of other genetic factors which cause minor 
variations and are known as modifying factors. 


D. RECENT ADVANCES 


1. The Physical Basis of Heredity.—The most notable advance 
of the last 8 or 10 years is in the increase of knowledge concerning 
. the nature, localization, and spatial relations of these genetic factors 
or genes within the germ cell. 

For brilliant researches in this line we are indebted to Morgan and 
his associates who have, at Columbia University, built up a codpera- 
tive school of experimental genetics of the greatest value. Working 
with the fruit fly Drosophila melanogaster they have discovered and 
have studied the genetic behavior of more than 230 pairs of mendeliz- 
ing characters and have found that the factors underlying these char- 
acters fall into four groups, exactly the number of gametic chromosomes. 
Each group is entirely independent in inheritance of the other three. 
Within each group, however, the genes for the various characters 
are linked in various degrees and are not entirely independent of 
one another. 

To explain this principle we should first refer to the diagram of the 
chromosomes of Drosophila given in Fig. 56. It will be noticed that 
the chromosome content of male and female individuals is not the same. 
It has been found by cytological investigation that when each sex forms 
gametes one member of each chromosome pair goes to each gamete. The 
two members of each chromosome pair in the female are equal in size. 
They are equal in three of the four male pairs and unequal in the fourth 
pair (indicated by arrow in diagram). ‘The result of this is that the 
female forms one sort of gametes while the male forms two sorts. One 
of these receives the larger member of the unequal pair and is identical 
in chromatin content to the female gametes. When such a gamete 
meets a female gamete at fertilization, a female zygote results. The 
other, male gamete receives the smaller member of the unequal pair 
and produces in combination with a female gamete a male. zygote. 
This extremely important fact showing the inequality of the sexes in 
respect to chromatin content and the definitive role of the male 
germ cells in determining sex, has led to the pair of chromosomes which 
are equal in the female but unequal in the male, being designated as the 

Sex chromosomes” of Drosophila. Inequalities of chromatin influ- 
encing sex determination have been recognized in many forms. As the 
question of sex determination will be considered later in further detail, 
we may at this time, focus attention on the hereditary factors carried 
by the sex chromosomes. The first thing to be noticed is that the 
smaller element of the sex chromosome pair in the male, commonly 
called the Y chromosome, carries none of the genetic factors thus far 
recognized. The result of this is that the male cannot be homozygous 
for any of the factors carried in the sex chromosome. Factors carried 
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in the larger element of the sex chromosomes of the male are therefore 
inherited as a unit, as the following cross will show. 

If a wild female Drosophila, which has red eyes and gray body color 
is crossed with a male which has sable body color and vermillion eyes, 
all the F; animals are red eyed and gray bodied. This is because 
vermillion eyes depend upon a factor v which is recessive to V for red 
eye color and sable body color is dependent upon a factor s which is 
recessive to S, a factor for gray body color. Both factors are bornein 
the X chromosomes of the male and female as follows: 


Red-gray female x Vermillion-sable male 
VSX VSX vs Xa Yo 
Gametes VSX vsX and Y. 
F, zygotes VSX, vsX Red-gray female (hetero- 
VSXELY Red-gray male zygous) 


The demonstration of linkage occurs when the F; animals are crossed 
back with vermillion-sable stock. The red-gray males give the simpler. 
result and may be considered first. 


Red gray male x Vermillion-sable female 
VSX, Y vsX vsX 
Gametes VSX and Y vsX 
Zygotes VSX vsX Red-gray female 
vsxX Y Vermillion-sable male 


It will be noted that V and S entered the cross together from the 
red-gray male and v and s entered together in the gametes of the ver- 
million-sable female. They came out together just as they went in, 
neither of them having crossed over into the Y chromosome of the male. 
They are then completely linked in inheritance in this particular cross. 
The opposite cross however, gives different results as follows: 


Vermillion-sable male  Red-gray female (heterozygous) 


vsxX Y VSX vsX 
Gametes vsX VSX 
Y vsX 
Vsx 
vSX 


The female thus forms four kinds of gametes, but she does not form 
them in equal numbers. The original combinations VSX and vsX 
are about nine times as frequent as the new combinations vSX and 
VsX. This is shown by the ratio of the zygotes produced, as follows: 


Zygotes formed 9 VSX vsX red-gray 
9 vsX vsX vermillion-sable females 
9 VSX Y red-gray 
9 vsX Y vermillion-sable males 
1 VsX vsX red-sable 
1 vSX vsX vermillion-gray females 
1 VsX Y red-sable ae 


1 vSX Y vermillion-gray 
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Fia. 59.—Chromosome map of Drosophila Melanogaster showing linear 
of genetic factors or genes. The distances between outs are hear on peroat 
degrees of linkage in inheritance. Note that each of the four chromosomes shown as 
pairs in Column III, has its group of genes, and that while each group is independent 
of the other three, the genes within each group are linked in various degrees. 
(After data of Morgan, Sturtevant, Miller and Bridges.) 
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In about: 10 per cent. of the gametes formed by the heterozygous 
red-gray female there has been a break in the linkage between the 
factors V and S and one of them has passed over into another gamete. 
In the remaining 90 per cent. however, they have remained linked in 
inheritance. 

If the heterozygous red-gray female had arisen from the combina- 
tion of Vs and a vS gamete instead of VS and vs, she would, in her 
gametogenesis, have given rise to nine Vs, and nine vS gametes to 
every one VS andonevs gametes. The principle then, is that there is 
crossing over between the Vv and Ss pairs only in about 10 per cent. 
of gametes formed. Other factors are contained in the sex chromo- 
some as will be seen in Fig. 59. They are all linked with one another 
in proportion to the distance apart they are in the diagrammatic chro- 
mosome map. ‘Thus the factors for yellow body and white eye show 
only 1 per cent. crossing over, being linked in inheritance 99 per cent. 
of the time. The distances between factors as shown by percentage of 
crossovers have been checked and verified with great care by Morgan 
and his associates. The accuracy of the values obtained is extraordi- 
narily great and is striking evidence for the theory that the chromo- 
somes are the bearers of the hereditary factors or genes. 

2. Methods of Genetic Change.—We have seen that the 
hereditary factors or genes are peculiarly stable in most forms and that 
while there may be several different forms as in the solid colored, hima- 
layan and albino rabbits, they are not in a state of fluctuation. We 
have also seen that De Vries’ theory of mutation or sudden change 
seems to account satisfactorily for the appearance of most variations 
of an inheritable nature. No one has succeeded in producing muta- 
tions though several people have observed their origin in both plants 
and animals. Thus among the latter we have the origin of a great 
number of mendelizing characters in Drosophila, including some cases 
of reverse mutation from a recessive gene to its dominant allelomorph. 
In rats Castle and Phillips observed the origin of a mutation in degree 
of black spotting during their selection experiment. In mice I have 
observed the origin of two recessive and one dominant mutations, 
already described in other races of mice;—less well defined though 
probably authentic origins of mutations have been observed under 
experimentation in doves, canaries, cats, and dogs. Taken as a whole 
therefore, mutation is far from uncommon and the viewpoint of objec- 
tors to the mutation theory such as Jeffery and others is hard for one 
who has seen the origin of new forms in carefully controlled material 
to understand. 

Two cases, one of a dominant, the other of a recessive mutation in 
mice may be taken as examples of typical conditions. 

The ordinary wild house mouse has a brown, black, and yellow 
ticked upper coat and a gray ventral surface. The latter appearance 
is caused by dull lightly pigmented, gray-tipped hairs which, when the 
hair is turned apart are found to be dark, at the base. A variety of 
house mouse exists in which the tips of the ventral hairs are unpig- 
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Tape 1.—TABULATION SHOWING THE OCCURRENCE OF WHITE-BELLIED AGOUTI 
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mented and this surface is therefore, a clear white. This variety, 
known as white-bellied agouti, is dominant in crosses with the ordinary 
wild gray-bellied agouti house mouse. With yellow and with non- 
agouti (solid brown or black) the two agoutis form a series of quadruple. 
allelomorphs. The origin of the white bellied agouti variety as a 
mutation under experimental conditions is shown in Table 1. It-witt 
be noticed that its occurrence is most infrequent and entirely irregular 
and unpredictable, and that it apparently originated in only a small 
proportion of the gametes of the mice which gave rise to it. 

Quite different in its method of appearance is a recessive character. 
Here unless sex linkage is involved the actual manifestation of the 
recessive character will depend upon the meeting of two gametes both 
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Fie. 60.—Chart showing origin of brown agouti mutants in mice. Solid 
symbols, wild-colored black agouti; line symbols, brown agouti mutants; circles, 
females; squares, males, diamonds, sex unrecorded. 


possessing the gene for the character in question, In the case dia- 
grammed in Fig. 60 the factor for black pigmentation mutated to its 
recessive brown forming condition. The race in which it appeared 
was one of pure wild mice which was being closely inbred by brother 
to sister matings. Whether this fact has any significance in relation 
to the origin of the mutation is doubtful, though possible. The process 
of inbreeding, however, gave the best possible chance for two similar 
recessive bearing gametes to come together and thus for the recessive 
individual to appear. ‘ 

It will be noticed that the recessives appeared in sufficient numbers 
to indicate that their parents were behaving as ordinary heterozygotes 
and were forming approximately equal numbers of gametes bearing 
the dominant, and gametes bearing the recessive member of the pair 


of allelomorphs. 
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We may conclude therefore, that mutation is an active process 
orderly enough to have assured the origin of precisely the same color 
types in various races entirely independently and in a clear cut though 
unpredictable manner. 

3. Lethal Factors.—Another disturbance of the expected mende- 
lian ratio is caused by so-called lethal factors or by the lethal action of 
mendelizing factors. What is apparently an example of the latter 
class is seen in the case of yellow coat color in mice. Yellow coat color 
in mice is dominant over and allelomorphic to the ‘‘black agouti” or 
gray coat of the ordinary wild house mouse. When two yellows carry- 
ing the black agouti pattern as a recessive are bred inter se we should 
expect that the progeny would consist of three yellows, and one black 
agouti as follows: 


Let AY equal yellow, and A% equal black agouti. 
Yellow (heterozygous) AY A® *< AYA yellow (heterozygous) 
Gametes Ax AY 
AG A¢ 
Zygotes 1 AYAY Homozygous yellow B 
2 AYA Heterozygous yellow } selon 
1 A¢A¢ Black agouti _1 black agouti 


What one actually obtains is a ratio of two yellow to one black agouti, 
and all the yellows are heterozygous. No one has yet procured a homo- 
zygous yellow. Although thousands of yellow animals have been 
raised and hundreds tested they have all proven to be heterozygous. 

The fact that the homozygous yellow class is missing and is not 


_ Fia. 61.—Idealized diagram of uteri of two female yellow mice each containing 
eight embryos, four in the right and four in the left horn: A, yellow female pregnant 
by non-yellow male carrying eight embryos destined to form yellows (heterozygous) 
and non-yellows in approximately a 1:1 ratio; B, Yellow female pregnant by yellow 
male carrying eight embryos destined to be approximately one non-yellow +o two 
heterozygous yellows to one homozygous yellow. Experimental ‘evidence has 
shown that the homozygous yellows always perish. The dark nodules are the 
sites of the degenerating homozygous yellows, surrounded by leukocytes. 


replaced by heterozygous yellows shows that the individuals forming it 
begin development but do not continue. The logical inference is that 
they die at some point between fertilization and parturition. Kirk- 
ham has recently shown histologically the presence of degenerating 
embryos in the uteri of yellow mice in the proportion expected if they 
were the homozygous yellow individuals. Disintegration begins 
apparently immediately after their implantation in the uterus and pro- 
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gresses rapidly. This interesting histological verification of genetic 
evidence has been confirmed by more than one investigator. Figure 
61 shows diagrammatically the occurrence of the degenerating homozy- 
gous yellow embryos. 

There is also genetic evidence of at least two other such lethals in 
mice. One of these described by Lang produces a shortened and some= 
times under developed and malformed tail. This condition is domi- 
nant to normal tail. The second is an extreme form of white spotting 
known as black-eyed white. In both these cases homozygous individ- 
uals fail to develop. 

Many lethals occur in Drosophila, some borne in the sex chromo- 
some and some not. The main principle therefore, of factors which 
eliminate the individuals possessing them either in all their gametes or, 
in the case of the male Drosophila in the X chromosome unbalanced 
by any normal allelomorph, has been clearly established and is of 
interest to all medical men as a possible explanation of the elimination 
. of certain classes of human embryos at any time after fertilization. 

4. Simultaneous Action of Many Factors.—<An interesting 
masking of a form of mendelian inheritance is sometimes observed. 
This is true in eases where the character studied is one which depends 
upon the simultaneous presence of a number of independently inherited 
genes and upon their action when present in either a heterozygous or 
homozygous condition. 

An example of this sort has been reported by Tyzzer and the writer 
in the reaction of mice to two transplantable tumors of the Japanese 
waltzing mouse, one a carcinoma (J.W.A.) one a sarcoma (J.W.B). 
The character studied is the support and growth of subcutaneous 
implants of the tumors. 


TaspLeE 2.—ComMBINED RESULTS OF E1GHT EXPERIMENTS WITH Carcinoma J. W. A. 


Susceptibility 
Number 
Class of mouse an a ated® - 
+ a 
Wananesent tedliislaud! 22 Hsathe ah he 58 58 0 
rarities “Sy ae a ae na me 99 0) 99 
Dae che SOT ES See em 62 61 1 
eek pnees Sharia, Asli eA. s A. QUITE 183 3 180 
EUR S Bee eset Soe PPL ifs SAFI cb SHERIA LE ee 38 0 38 
(Fi X J. Wai back Cross. . oe ee 63 63 0 
CHa <r Wi>.)2 DaeK: GLOSS. ese Heh yr. 5 1 4 
Ee Come )1' baeks CTOSS eo by ojo. oy ou 78 0 78 
ines: Com.)* back \cfoss...6209 32-2. 34 0 34 
TE OS LE ee ae eR nr ea ee 9 2 a 
MOL ale ae Seek: Shean eo ieee oe 629* 


* Sixty-three additional animals died too soon after inoculation to be included. 
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The carcinoma was the first worked on and gave hlereoe and 
striking results (Fig. 62). Upon implantation it grew in Japanese 
mice and failed to grow in common non-waltzing mice of ae races. | 
It grew in first generation hybrids between waltzing and common 
mice as well, if not better than in the pure waltzers (Table 2). i. 

If now one attempted to follow the strict rules of dominance an 
to consider that susceptibility and non-susceptibility were epee 20 
single pair of mendelizing factors, it would be expected that the f2 
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Fia. 62.—Diagram showing behavior of mouse carcinoma J. W. A. after 
inoculation in common mice, Japanese mice and their hybrids. The various genera- 
tions are connected in descent. Shaded masses, mice showing growth after inocu- 


lation. If more animals of F2 had been raised it is extremely likely that susceptible 
animals would have been obtained. 


hybrid generation, produced by breeding F, hybrid animals together, 
would show a ratio of about three susceptible to one non-susceptible 
animals. This however, is far from what actually happens for the 
actual numbers in the F,2 generation are three susceptible to 180 non- 
susceptible animals, a ratio of 1:60 instead of 3:1. When F, hybrids 
are crossed back with pure Japanese, all the mice inoculated have 
proved susceptible. When, however, F; animals are crossed to the 
common non-waltzing race, the 78 animals produced have all proved 
to be non-susceptible. These results are explicable on the supposition 
that the Japanese race possesses in a practically homogeneous condi- 
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tion a complex of mendelizing factors which the common non-waltzing 
race lacks, and which, when present, produces the type of physiological 
make-up which characterizes the Japanese race, and which tolerates 
and supports the growth of the Japanese mouse tumor. The next 
thing of importance is the fact that the presence of this factor complex 
in even a single dose is sufficient to give the Japanese-mouse type of 
physiology. The F; hybrids show this to be the case. 

The chance of forming gametes and consequently zygotes which 
give by recombination the full quota of factors necessary for tumor 
growth decreases rapidly as the numbers of pairs of factors involved, 
increase. Thus the following table shows the calculated ratio of 
susceptible (+) to non-susceptible (—) animals in F2 according to the 
number of factors which is supposed to characterize the Japanese 
waltzing mouse complex. 


Number of factors Plus Minus 
(ONACEATTE Nes oo SAS — Soe iO ES at 1 eRe aa ea 3.0 1.0 
AIRC OU Ras OA let cee a CRN -5 or ae ee 1.3 1.0 
PET SORT ALTH came oct PEM oie aye coiUiah S Yee cocks oO cts ofertas tne 1.0 1.4 
MEGUTS AIT S eer tee cinje clones AMEE: cst vce a ae 1.0 2.2 
SMV ENEISLITS Wats Se, 3, Esto ldae a reke Naerc ital se asie pairsl cares 6 120 3.2 
LOE oa gs a eee, SEO ee, oe eee 16 10.0 
BUSING Ty EES cle ne ECS af ovat cle (ERD We tcuete Goya eiyat yes 17.0 NW ARLE 
BEL VCs [DALE H Meme hence ewie.0 iors AOAC elev GS eilinca tava se 1.0 30.0 
PEITGCCH PAILS er eciar sie ine hich Seema Naic Bee iets aoe» LO 41.0 
POTTED OMIA ie, cet ied siete oa che nape a Ae. 4 iY) 55.0 
NEL COULTAEES Msocet sea eden  eiai EPI leo. sage S Bod .0. LEO) 73.8 


The back cross generation between 7; and Japanese waltzing mice 
is all susceptible for the Japanese mice again introduce all the neces- 
sary factors. The back cross with the common non-waltzing race is 
particularly interesting. 

The chances of a susceptible animal being produced in this genera- 
tion are directly dependent upon the proportion of gametes bearing 
the necessary complex which are produced by the Ff; animals. With 
various numbers of factors this ratio of plus to minus animals will 
vary as follows: 


Plus Minus 
ELISE PPR teks a lyauhane “Tats stone ie sisei ope wine 9 1 1 
T GHOMIO ENS) hrc Mire ceili 3p GIOb 0 0 ROU ODIO ca CPO gre cre 1 3 
“TN NRE OEE SI sto deanna ioge onveane pide GEEDOIS Sips ciao rota 1 7 
IOUERTO SUES Wester ol eae mcr et Sago eT bevel ta teey e209) Sv ovpestas nc 1 15 
TRG DES 0s 008 Rogie Se ibe Cr acetaris aoe aic ire cera 1 31 
‘Tis URIS ade rane biaten aoe croigis on bola Come 0 aang rae 1 1,023 
Mavelivie ALTE eae eee eit rise ies ere eter whe wees 1 4,095 
IOUELECIUD ALL eM CM te lle cyl a1. aistsltae otras Steer iets Fate ce 1 16,383 
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From the F> ratio (Fig. 63) it will be noted that the observed ratio 
fits closely the expected ratio for 14 factors: 


Fourteen factors, expected..........---++-+++eeee- 


| Plus Minus 
eh aae 3.0 | 180.0 
its QlapeiaGls pemectae ce glo ooe AP | ee 


If this was the number of factors involved, the chance of a susceptible 
animal appearing in the back cross generation was as 1:16,383, and 
Taste. 3—ComBinep Resutts or EXPERIMENTS WITH Sarcoma J. W. B. 


Susceptibility 
Number 
Class of mouse LE | 
= See 

APyOSsecat So Amiate am beenaads og ae 200+ all none 
GOmMMOD See See Cae ee 450 3 447 
J Dich. Goss te ee ee eee Aten 20+ all none 
LR eine Se ee ee PreRR eP on oe 89 23 66 
IE cS hoe Me ane ne eee 39 9 30 
(ep) abaek CrOsS see eee 25+ all none 
(ize Xe ©oms yback crosses. eee ee 229 Hi 208 

1052+ | | 


the actual odds in the 78 animals inoculated were negligible. Actually 
no such animal appeared, thus coinciding with expectation. 

I have recently while working with tumor J. W. B. (Fie. 63), the sar- 
coma above described, obtained most interesting supporting evidence for 
the hypothesis of multiple factors underlying susceptibility as follows: 

In the F2 generation when tumor J. W. B. is used for inoculation, 
23 susceptible and 68 non-susceptible animals have been obtained. 
This gives a ratio of 1:2.8. We have seen that if four factors are 
involved a ratio of 1:2.2 is expected, and if five factors, a ratio of 1:3.2. 
The observed ratio falls between these figures and leaves in doubt 
whether four or five factors are involved. In either event the case is 
simpler than that of the carcinoma J. W. A., and the back cross of 
F, X Common should give an interesting result and furnish a test of 
the ratio involved. Figures for this generation have recently been 
obtained in considerable numbers with the result that 21 animals 
have proved to be susceptible and 208 non-susceptible, a ratio of 1: 9.9, 
much closer to the 1:15 expected in the four-factor case than to the 
1:31 expected if five factors are involved. We may therefore, conclude 
that the difference between susceptible and non-susceptible animals 
in the races used probably depends upon from three to five pairs of 
mendelizing factors brought in to the cross by the Japanese race. On 
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this theory it should eventually be possible to obtain races differing 
from the Japanese race by two, and by one factor, whose non-sus- 
ceptibility depends upon these genetic differences. 

This case then presents an interesting example of the dependence 
of such a complicated character as reaction to an implant of foreign 
tissue, upon a complex of mendelian factors whose presence and action 
would not become apparent unless, and until the test piece of tissue 
was introduced. The development of this phase of biology utilizing 
well-established races of known genetic make-up may lead to results 
of considerable importance. 


SARCOMA 
IW. 
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Fic. 63.—Diagram showing behavior of the mouse sarcoma J. W. B. after 
inoculation in common mice, Japanese mice and their hybrids. The various 
generations are connected in descent by lines and are described. Number of 
mice observed, in parentheses. Shaded masses show mice growingthetumor. In 
the common mice 3 out of 453 inoculated grew the tumor and are so recorded. 


5. Pure Lines.—From the description of mendelian inheritance 
and the principle of non-inheritance of so-called acquired characters 
we can see that if a group of individuals all carried the same genetic 
factors and were homozygous in respect to the genetic factors which 
they all carried in common, they would, if crossed together, breed true 
and form a stable population devoid of variation unless such variation 
arose by mutation or by other genetic change occurring de novo. Such 
a similarly constituted true breeding group or population is known as 
a pure line or genotype. 

’ The principle of pure lines was first emphasized and put to an experi- 
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mental test by the Danish biologist Johannsen. He found that if beans 
of various sizes were self fertilized, the resulting populations had each a 
single center of variation, in respect to length, from which permanent 
progress by selection could not be made. Regression towards the 
mean length characterizing the race occurred when the largest or 
smallest beans in a given line were used as parents. _ ; 

The work of Jennings with body length of Paramecium, the experi- 
ments over many years in selecting corn at the Illinois Agricultural 
Experiment Station, the work of Sturtevant and of MacDowell with 
quantitatively variable characters in Drosophila, and the experiments 
of Castle with the hooded pattern in black and white rats, have all 
shown that progress by selection consists in sorting out pure lines 
and that once an approximation to these lines is obtained, progress 
becomes impossible. 

The genes which form the physical basis for hereditary characters 
do not commonly vary in minute amounts under the hand of selection. 
They remain strangely constant unless an actual mutation occurs. 
When we know more about the rate of mutation we shall be able to 
value more intelligently the practical role of selection in the evolution 
of either wild or domestic forms. 

Recently Jennings and others have shown that biologically distinct 
lines may be isolated among the progeny of a single protozoan, repro- 
ducing by asexual processes. This interesting result does not alter 
our notion of the relative constancy of the gene. This is no evidence 
to show the close relationship of the protozoan to the germ cell, and 
there is in the myriad of forms, sizes, and functions among the cell- 
descendants of a fertilized vertebrate egg, a common proof of how 
diverse the descendants of a single cell may become. It is a question 
therefore of how far protozoan descent involving, as it does, the possi- 
bility of inequalities in distribution of both chromatin and cytoplasm 
during division bears upon the question of the modifiability of genes. 

6. Sex Determination.—Ever since the existence of sexual 
differentiation as a wide spread phenomenon in nature has been recog- 
nized, scientific and medical men have been attempting in hundreds 
of ways to control the determination of sex. Few if any other phases 
of biological science have been so generally discussed, broadly investi- 
gated, and uniformly abused as has been this matter. The purely 
scientific interest in the problem has at times been overwhelmed and 
swept aside by the popular desire to control and to be able to predict 
sex of offspring for both agricultural and sociological reasons. 

One outstanding fact has been obvious to all observers and investi- 
gators of mammalian, and in fact, of vertebrate material. This was 
the approximate numerical equality of male and female offspring in 
any large sample of births within a mixed population of the form under 
observation. This condition has therefore been recognized as the 

normal ” one. Departures from this in either direction of inequality, 
resulting in a marked excess of males or of females were eagerly noted 
and taken as promising starting points for further investigations. The 
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tendency to return to an approximate equality of males and females, 
which continually manifested itself in these investigations was spoken 
of in general terms as the result of a ‘‘Law of Compensation” orsome 
other mystic agent. This agent, sitting idly by while the disturbance 
in the sex ratio took place was supposed to exert its influence at 
the psychological moment to restore the proper order of things, wipe 
out the excess, and thus bring about a renewed wondering on the part 
of the investigators at the foresight of nature which saw to it that all 
of these things were properly done. A close relative of the “Law of 
Compensation” was that spasmodically active force, as yet unnamed 
which, dormant during times of peace, arose in its might when wars 
of considerable size occurred. At such times presumably keeping 
careful track of the number of males killed or disabled, it saw that 
society would suffer grievously were not more males than the ordinary 
number produced; and therefore it set about to produce the relative 
increase of males at the expense of the female sex and, by some entirely 
unknown method, is reported to have succeeded. Unfortunately, 
however, in view of the fact that no critical evidence has been produced 
for the actual existence of this particular force, it is placed in the 
somewhat precarious position of the many other less benign appari- 
tions of fiction whose capture might provide excitement for sportsmen. 
but is not an immediate probability. 

The first constructive line of work which tended to bring order 
out of chaos was that of McClung and his pupils, notably Miss Stevens. 
These investigators, all of them highly skillful cytologists, studied the 
processes of the formation and maturation of the sex cells in forms 
particularly responsive to microscopic technique. 

As we have already seen, it is a characteristic of every individual 
produced by bi-sexual reproduction, that all the cells of its body 
have the same number of chromosomes. This is true of those cells 
within the gonad or germ tract which by a process of division and 
maturation elaborate the sex cells themselves. 

McClung and his co-workers found that in certain forms, having, 
let us say nine chromosomes in the spermatogonia or second generation 
of cells before the sperm themselves, an equational division of chro- 
matin occurred which resulted in the formation of spermatocytes of 
two sorts in approximately equal numbers having respectively five 
and four chromosomes. ‘Thus, the so-called reduction division formed 
by the splitting of the chromosome pairs showed that one of the nine 
chromosemes was an odd, or a heterochromosome which in mitosis 
went undivided to one or the other pole of the spindle. By another 
division and subsequent metamorphosis those spermatocytes which 
had five chromosomes each, formed two sperm which contained five 
‘chromosomes apiece; similarly the four chromosome spermatocytes 
each formed two sperm with four chromosomes apiece. The result 
was that two types of sperm with unequal chromatin content were 
produced in equal numbers. 

A further biological study of female individuals of the same species 
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showed that their body cells each contained a total of ten chromosomes 
and that in the processes leading to maturation of the egg, the eggs 
themselves received five chromosomes, while the five mates of these 
chromosomes passed out with the polar bodies. It will be seen there- 
fore, that while the sperm were dimorphic, the eggs were all of them, of 
one form. A five chromosome egg fertilized by a five chromosome 
sperm would produce a ten chromosome zygote. Similarly, an om 
fertilized by a four chromosome sperm would produce a nine chroeem 
some zygote, it was a natural conclusion that the 10 chromosogg- 
zygote would be a female and that the nine chromosome zygote would 
be a male. These chromosome numbers had already been found to 
characterize male and female individuals of that species and in this 
way a logical and satisfactory explanation of the mechanism of sex 
determination was provided. 

Since their first investigations, a mass of corroboratory evidence 
has been accummulating with the result that at the present time the case 
for dimorphism of either sperm or eggs differing in their chromatin 
content, as the index of sex determination, is clearly established. 

We have already seen that in Drosophila the role of the X or sex 
chromosome in sex determination has been clearly shown by an analy- 
sis of genetic factors and by cytological methods. The phenomenon of 
non-disjunction discovered by Bridges in 1913, and investigated by 
him genetically and cytologically, serves to clinch the case in this 
particular material. Whether it is the relative size of the total 
chromatin mass, or an actual sex factor or factors located in the X 
chromosome that produces the difference between the male and female 
sexes in this form is, as yet uncertain. So it must remain until, by 
genetic evidence the conditions are so modified as to yield a satisfactory 
experimental test. 

Recently Sturtevant has shown that, in Drosophila, female sex 
intergrades may result from the action of a modifying factor carried 
by a chromosome other than the sex chromosome. In these individ- 
uals the chromatin content as regards the X or sex chromosomes re- 
mains unaltered, but the presence of a recessive modifier changes the 
appearance of individuals from typical females to marked intergrades 
with certain male characters. 

This work in the determination of sex should not be confused with 
the great number of attempts made to modify sex by changes in the 
external environment. All the last named experimentation may be 
classed together under the general term of experimentation in meta- 
bolism, as the cause of sex. The key to the great majority if not all, 
of the experimental work in this field which has yielded peculiar 
numerical deviations from the usual sex ratio may be found in a selec- 
tive mortality during gametogenesis or the early embryonic stages of 
gametes determining, or of zygotes showing, one or the other sex as a 
result of variation in nutrition. In many forms the results are com- 
plicated by seasonal alteration of sexual and parthenogenetic forms. 
In certain other cases, chiefly among higher forms the criteria of sex 
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and the measure of its modification under experimental conditions are 
based upon doubtfully valuable external characters. The danger of 
relying upon a close and accurate correspondence between an external 
and internal character especially those of the germ plasm should be 
most obvious. It still seems, however, to be one of the most general 
pitfalls for biologists. 

7. Sex Ratios. (a) General Considerations.—Theoretically the 
sex ratio may be determined at any stage in the life of the individual. 
Since immediately upon fertilization an individual has its beginning 
in the formation of the zygote, it is obvious that this is the first point 
at which the sex ratio may be determined. In mammals, which in 
this connection are of primary interest to us, this stage is so difficult 
to discover and to observe that for the present at least the determina- 
tion of sex ratios on the basis of chromatin conditions then prevailing 
is not likely to be made experimentally. In the smaller mammals 
capable of experimental breeding, it might be possible at early stages 
during pregnancy to obtain embryos which, upon microscopic section, 
would give data upon which to base an adequate conception of the 
sex ratio. Here again, the work would be tremendously laborious and 
the numbers necessary to insure accuracy so large, that data of this 
sort are not likely to be forthcoming. The earliest point at which the 
sex ratio is usually observed and recorded is at birth. To be sure, 
a certain amount of information on the sex ratio of still births and 
abortions has been obtained and will continue to be available. After 
birth the sex ratio may be, of course, obtained at any age desired. 
When this is done it will be seen that the effects of external environ- 
ment such as war, disease prevalent in or limited to one sex, disease 
due to accidents contracted during employment and other such agents 
tend to distort and to modify the original conditions more and more as 
life progresses. 

Various terms such as primary, secondary, and tertiary sex ratios 
have been suggested and are being employed in an attempt to designate 
the stage at which the data are collected, but this system is obviously, 
neither logical nor satisfactory, for if we conclude that, until more ° 
complete evidence exists, sex must be considered an attribute of the 
zygote and not of the gamete, then it follows that the first moment at 
which the sex ratio can be calculated is at fertilization, and this as we 
have seen is, in higher forms, practically impossible. All sex ratios 
therefore, that we can determine satisfactorily, must be ‘‘secondary,”’ 
and to attempt by any general terminology to classify them according 
to their degree of ‘‘secondariness”’ will obviously be unsatisfactory. 
It seems then, that the only consistent method of designating sex 
ratios is to state as clearly and concisely as possible the stage in the 
life of the zygote at which the ratio in question is calculated. Thus, 
for example, we should have among humans, data on the human 
sex ratio in embryonic life (the months of pregnancy being designated), 
the sex ratio at birth, and at any later specified age desirable. Such a 
terminology is not capable of misunderstanding or of misuse. It 
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TasLE or Sex RarTIos 


Ratio of jo to 100 2° 

LO LEO MMM AA craks eRe Teele: statei s oeuors ale 98.31 (Diising) 

Crltil®..c on 26s Ae SEE n One DR One iaero: 107.3 (Wilchens) 

ERD ERGs yc (d co <o » stat cpato ee Puspatee ae = 97.7 (Irwin) 

(Date. : OSL eo De See an amare a ncu de 99.2 (Little) 

(Di. 9 Pole GA it ae Oke Ser aoc en pincer 111.8 (Wilchens) 

Reino. SERRE Meta mapa ace 104.6 (King) 

iDtoxydl: SREY ee ne Aer a rasa Mechs. canis. 94.94 (Pearl) 

[Owes eke ctor sd bra aoe ee eee es 105.0 (Cuénot) 

TiS hk ila SEI RAINE ie tebe, teil mate ci ur 103.1 (Little) 


further avoids indefinite terms referring to an order of sequence based 
on varying conceptions, and on individual systems of classification. 
Four general causes appear to modify the sex ratio in a fundamental 
and measurable manner: they are (1) The “order of birth” within 
“‘nure’”’ stocks, (2) Hybridization, (3) Lethal factors or substances 
and (4) Modifying factors. 'These may be briefly considered in order. 


“ORDER OF BirtTH”’ Ratios 


First births | a Differences 
births 

StockwRate: (King) ace seeee eee 115-9228); JOM IS AS Sochant 
mbredic Av arate (iGing ia sereees ieee ede 12902: 1.3:)| 114, 9S51-2. 144 Let 86 
Human (European inbred) Little...... 115.5+1.5)| 97.8+1.86)18.78+1.86 
Human (European hybrid) Little...... 121.243.1 | 124.34+2.9 | 3.1 +4.28 
Humans (Wace white) Little sieeeaees 119 FE 223 | AIG STS 295 | 2 es Bes 
‘Human (U. 8. colored) Little......... 936-6 2:47) 97 fe 2. Oe L oly 


(b) Order of Birth—An inbred stock of laboratory rats at the 
Wistar Institute reported on by Miss King has a normal sex ratio of 
104.6 + .57. When the first litters which are included in this ratio 
are tabulated as a group it is found that the sex ratio was 115.9 + 2.8 
and in subsequent litters 101.1 + 1.5 a decrease in proportion of males 
in subsequent births. Similarly an inbred line of rats selected for high 
proportion of males gave in first litters a ratio of 129.0 + 1.3 and in 
subsequent litters a ratio of 114.9 + 1.2, a qualitative result similar to 
. the preceding. So also first births in European whites where both 
parents were of similar nationality gave a sex ratio of 115.5 and sub- 
sequent births a ratio of 97.3 + 1.2. Itis quite possible that the con- 
siderable correlation which exists between first births and the age of 
the mother has accounted for the apparent high male ratio in young 
mothers recorded by some investigators. On the other hand the high 
female ratio in young mothers which others have reported indicates, 
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that the correlation is not absolute and that order of birth rather than 
age of mother is the chief point of interest. 

Of scarcely less interest than the fact of the high male ratio in first 
births of pure races is the fact that no such difference is observable in 
hybrids. The three bottom lines of the preceding table bring this 
point out clearly. The greatest difference is only 1.3 times its probable 
error which is far removed from the ‘‘three times’? which is considered 
necessary to establish significance. 

(c) Hybrids.—Hybridization is one of the general physiological 
processes which very clearly and strikingly affects the sex ratio. In 
most forms it leads to an increase in the relative proportion of males. 
This fact taken in connection with the known genetic facts that the 
di-gametic sex in the diptera, and in mammals including man, is the 
male; and that in lepidoptera and in birds it is the female, shows that 
there are general factors which influence the proportion of the sexes 
and which act independently of whether the male or female is the di- 
gametic sex. For example: it has been found, as shown in the table 
below that in crosses between different races or strains of such forms as 
mice, rats, fowl, and man, there is a marked excess of male over female 
offspring produced. 


TaBLE SHOWING Errecr or Hypripity on Sex Ratio 


“Pure” matings “Hybrid” matings Difference 

Europeans, 106.27 + .91| European F; 121.56 +/15.29 + 2.26 = 6.76 X 
2.06 P. E. (Little) 

Common mice, 103.1+2.8)F: common X waltzing) 15.1+4.72 =3.2XP.E. 
mouse, 118.2 + 3.8 (Little) 

Common rats, 104.6 + 1.9) F;, F2, F;, common X wild | 14.4 + 4.00 = 3.6 XP. E. 
rats, 119.07 + 3.57 (King) 

Common fowl, 94.94 + | F; hybrids between various} 22.7 + 4.73 = 4.8 X P. E. 

ART OND a 39 De ae ae breeds of fowl, 117.91 
+ 4.7 (Davenport) 


It is interesting to note that the most obvious point which both 
categories have in common is the fact that the female forming gametes 
have actually more chromatin than the male forming gametes. 
Possibly on this fact a single explanation may be advanced to meet 
both cases. The differences between the pure and hybrid races are 
probably ‘not nearly as large as they would be if more divergent 
forms are used, though they are because of this, none the less signi- 
ficant. Specific or generic crosses give an even more marked excess 
of males than the close varietal crosses given in the table. 

(d) Lethal Factors.—In Drosophila sex-linked lethal factors have 
been found to have a marked affect on the sex ratio. These factors are 
carried in the X chromosome, just as any other sex-linked factors and 
are recessive in nature. The action of one of them is diagrammed 
in the table given below. The lethal factor, recessive and inactive 
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in the female because of its normal allelomorph in the other xX 
chromosome, is, by her, handed on to one-half her sons which are 
killed byit. Thisleaves the proportion of sexes in sucha population one 
male to two females—a sex ratio of 50.0. Half the females will be free 
from the lethal and will give the normal equality sex ratio. The other 
half will continue to transmit the lethal and give the one male to two 
female ratio. The sex ratio of this generation, if a group of females 
are included, will, then be in the neighborhood of 75.0. It is easy 
to see how in a large sample from an heterogeneous population, the 
proportion of individuals carrying the lethal to those without it will 
vary from time to time. The chief indication which we may expect 
therefore, in the case of mammals, to show whether lethals are present 
in a population is an excess of females over what is expected for the 
population. 


Action or RecrussivE Sex—LInNKED LETHAL Factor 


Let XX =" 9 n = lethal factor 
XY-= ''% N = its “normal” allelomorph. 
NXnX crossed with NXY 
Normal 9 carrying Normal ¢ 
lethal 
Gametes NX and nX NX and Y 
Zy gotes NXNX =normal 9 
NXnX =normal Q (carrying lethal) 
NX Y =normal 6 
nX Y = lethal % dies! 


Two good examples of inbred strains of mammals in which the 
sex ratio is suggestive of lethal factor action are the ‘‘line B”’ of rats 
(King) and a strain of Japanese Waltzing mice and hybrids which I 
have had under observation. The sex ratio in the former is 85.9 + 
1.39, and in the latter 78.7 + 2.9. The former differs from the 
“normal” ratio of the type by 8.1 times its probable error, and the 
latter by 6.0 times its probable error. With the possibility of such 
fundamental disturbances in the sex ratio due to lethal factors it is 
wise to be remarkably cautious about treating the sex ratio as a unit 
as it has been considered frequently in the past. 

(e) Modification of the Sex Ratio by Alcohol.—In the series of 
experiments already referred to, Stockard and Papanicolau have given 
certain data concerning the sex ratio in normal and alcoholic lines of 
guinea pigs. These data are included in Table 6 of the 1918 paper. 
Using the figures there given, and adding to them the probable 
Brat in the experiments quoted, the following tabulation may be 
made. 

These matings may be grouped into matings with male ancestors 
treated, matings with female ancestors treated, and matings with 
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Nature of matings oo | 2 2 | Ratio of #5 to 100 9 9 
TNOUgTP EN OVA Ys OS or i an 120 | 106 113.20+4.88 
Onulvatather alcoholic... ....<.-+...<.. 59 58 101.72 +6.22 
Only mother alcoholic................. 121 | 125 96.80 +4.23 
Both parents alcoholic................. 103 | 85 12117 5.42 
Only of ancestors treated.............. 107 98 109.18 +4.92 
Only @ ancestors treated.............. 77 89 86.51+4.84 
o and 9 ancestors treated............. | 99 81 123.58 +4. 26 


both male and female ancestors treated. Each of these may be con- 
trasted with the normal untreated controls as follows: 


| | 
Normal line 113.20 + 4.88 | : Diff- Diff. 
compared with pa | Bene erence | P.E. of Diff. Remarks 
Male ancestors treated...... 166 | 156 | 106.41+3.85 6.79 9 Not significant 


Female ancestors treated.....| 198 | 214 
o' and @ ancestors treated..| 202 | 166 


1.0 
92.52+2.87 | 20.68 3.6 Significant 
| 121.68+3.88 8.48 tee Not significant 


It will be seen that the group in which female ancestors only are 
treated has the only sex ratio which departs significantly from the 
normal controls. 


ALCOHOLIC o& 
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Fig. 64.—Diagram showing relation of chromatin possibly damaged by alcohol 
(black) to normal chromatin (outline) in both sexes. Chromosomes of the pro- 
geny of alcoholized guinea-pigs mated with untreated mates. (After Stockard 
and Papanicolau.) 


There is produced by these matings a clear excess of female progeny. 
The question naturally arises as to whether an early differential 
mortality exists in these matings thus bringing about the deficiency 
of males. 


220 CONGENITAL AND ACQUIRED PREDISPOSITION AND HEREDITY 


99° I+ 9S 1+ 
8°18 GHGE | 199% £689 P6L €°Ge1 PI8Z | O9FE PLEO VES S6-8 
L°8L &9 90¢ 6FTT OST G° E21 GOS | ¥29 6éI1T CST SC-ES 
9°F8 Z69 | SOS cOLT GST 0° 221 cLG | 869 OLGT c9I 66-06 
ELL 119 | GLP S801 8&1 L Tél 919 | 829 vPrrl OFT 6I-LT 
6°92 GOS 98§ 888 O&T G° 91 Ivy | 8g¢ 666 0&1 91-71 
0° 8 9Lb | 00F 928 a L081 ev | OFg £96 921 €I-II 
$°G6 SIP | 288 G62 FOL S°CIT L9E | GIP 6LL 801 OI-8 
0° 60T 9FF | 98P 6&6 9&1 FOI Chr | 88h 0&6 VFI L-1 
2-801 SEE | P9E 669 OOT 0'STT €T& | 09€ £29 86 L4 
6° 60T ila GT &&6 9€ G 66 661 8o1 LGC 9F Veal 
Me oes eee os S[BNpLAIputr 819} 1] Oat as Fa a0 oe S[BNplAIputr 819}4T] sdnois 
Jo soquinyy jo Jequinyy | jo rtequinyy Thro tans jo Joquinyy | jo 1zequinyy UWOI} B94) 
ageur RS 


KC eee ee 


Tones 6 USI = g er uoKnoopg a ys = Pp oury 


SONILY JJ ULSI OL YaHLOUg ‘SENGWINGA XG NOILOGTAG S,ONTY HOLOOG Ao AUVNWIG—'P aTay yy 


RECENT ADVANCES 221 


Stockard and Papanicolau’s data show that the progeny of alco- 
holized females have a significantly worse record in respect to early 
mortality than have those of aleoholized males. The percentage of 
early mortality in the former case is 51.08 per cent. + 3.51 and in 
the latter is 33.33 per cent. + 4.1. The difference which is 17.65 + 
5.39 per cent., is 3.2 times its probable error. 

We have then, two striking facts that indicate an early mortality 
of male zygotes in the progeny of alcoholized mothers or of animals 
whose female ancestors were alcoholized. The probable explanation 
for this fact was indicated in a diagram given in the 1916 paper to 
show the relative amount of affected and unaffected chromatin in 
male and female progeny of alcoholized animals. Although in the 
1916 paper, in which a diagram somewhat similar to the one here 
reproduced (Fig. 64) was given, the authors reached the conclusion that 
the alcoholized male transmitted more defects to his progeny than did 
the alcoholized female, their own diagram shows that both in absolute 
amount of abnormal chromatin and in proportions of abnormal to 
normal chromatin in the progeny, the female and not the male has 
the greater opportunity for influence. It is therefore, not surprising 
to find that in the 1918 paper the authors have recognized this fact, 
though no direct denial of the 1916 conclusions is made. 

(f) Modification of the Sex Ratio by Selection.—If the sex ratio 
within a certain species is, let us say, 105.0 males to 100 females, 
and if the method of reproduction within that species is sexual (the 
sexes being separate) it is a matter of interest to determine whether - 
or not selection would result in the isolation of races differing signifi- 
cantly in the sex ratio they possessed. If the species chosen repre- 
sented at the start of the experiment a mixed population, it should 
be theoretically possible to isolate from it, races with very high male 
sex ratios on the one hand, and with very high female sex ratios on 
the other hand. This has been successfully accomplished by Doctor 
King of the Wistar Institute. The material used was a series of inbred 
strains of white rats. The results of selection are shown in the following 
table. 

The theoretical aspect of the modification of the sex ratio by selec- 
tion is extremely interesting. We have seen that sex appears to be 
correlated with .a definite behavior of the chromosome mechanism 
and that this mechanism is calculated to produce, in the absence of 
disturbing secondary agents, an equal ratio of males to females, this 
ratio is, as it were, held in regulation by the accuracy of the distribu- 
tion of the chromatin material. It has now been shown by King 
that by selection, certain races showing a marked departure from the 
equality ratio can be established and can continue to hold to these 
unusual ratios as one of their true racial characters. 

It follows that either there has been established a large selective 
mortality resulting in a self-perpetuating excess of one or the other 
sex, or that the proportion of the sexes at fertilization is not wholly 
determined by the same agent that controls the chromatin characters 
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above referred to. The fertility and size of litters of the rats in ques- 
tion favor the latter of these two hypotheses. It would appear there- 
fore, that either mendelian or non-mendelian physiological factors 
which have a modifying influence on the proportion of the sexes 
must be considered as at least a probability. It should be pointed 
out in passing that there are several other pieces of investigation, 
a few of them stretching over several years, that have been advanced 
in support of this viewpoint. None of them, however, include results 
based on such a large number of animals of known pedigree continued 
for so many generations without outcrossing as do Miss King’s 


WINN ‘iw pe" 
B 


Fie. 65.—Diagram showing influence of 

gonads on secondary sex ch ; 

A, male; B, female of ‘ hen-feathered” breed of such fowl as Beabricwe Bentite cs 

ee Mera one : bags of fowl such as game bantams or leghorns; D; 
ance of male after complete castration. i ered 

Bn ree aan eee oS n. Note assumption of cock-feathered 


They are therefore not cited since their results are not, in so far as 
known, contradictory to the general principle indicated by hers 

8. Sex Limited Characters.—The influence of the secretions 
of the gonads upon the development of both avian and mansinslay 
secondary sexual characters has long been known. The general find- 
ings of experimentation have been that in mammals a castrated male 
tends to assume a morphological, physiological and psychological 
makeup characteristic of the juvenile form of his species. The a 
is true of the castrated female. The work of Steinach aad others h : 
shown that castrated males may be actually “feminized” by dadesSatal 
implantation of ovarian tissue and that the reverse is also true Ga 


trated females can be ‘‘masculinized”’ b : 
; t : 
of testicular tissue. y the successful implantation 
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In birds, Goodale, Morgan and others have obtained most inter- 
esting results. The juvenile character of the castrated or “ caponized”’ 
male is well known. Castrated females of a sexually dimorphic species 
such as the Mallard duck assume full male plumage upon castration. 
So also does the castrated female of the fowl which shows comb, spur, 
plumage, and sometimes behavior characters of the male. 

One series of experiments by Morgan are of peculiar interest in 
this connection. Sebright bantams (Fig. 65) have the males (A) and 
the females (B) both “hen feathered,” the tail coverts, saddle and 
hackle feathers being short. Other breeds of fowl such as the rose 
comb bantam (Fig. 65, C) have the males with long hackles, saddles, 
and tail feathers. When the male Sebright is castrated, it develops 
the full male feathering of the ordinary breeds such as the rose comb 
bantams (Fig. 65, D). This interesting paradox of removing the male 
gonad in order to produce a more male appearance has shown the pres- 
ence of actual inhibitive substances located in the testicle of certain 
breeds of fowl. 

Breeding tests involving a cross between ‘‘hen feathered” and ‘‘cock 
feathered”? breeds have shown that ‘‘hen feathering’”’ is dominant. 
The return of fully ‘‘cock feathered”’ males in the back cross genera- 
tion shows that the inheritance is probably mendelian and simple— 
depending upon one or two pairs of factors. 

The bearing of the case upon the general theory of sex limitation 
is interesting. Cock feathering is limited to the male sex and depends 
for its presence upon the absence of the inhibiting female internal secre- 
tions. Another type of internal secretion essentially female in its in- 
fluence has in some breeds become localized in the testicle and has 
modified the development of the full male cock feathering, thus producing 
a “hen feathered” male bird. The distinction between sex limited 
characters of this kind and sez-linked characters should be continually 
kept in mind. 


IV. HUMAN INHERITANCE 


In introducing this section of the chapter, especial attention should 
be called to the great handicaps which have faced investigators. Small 
families, slow breeding, and late maturity, are biological factors which | 
make it difficult to obtain records of large numbers of individuals. 
The personal equation looms large in the giving and in the collection of 
data. This must remain so in spite of the most honest and conscien- 
tious efforts on the part of both the informant and the investigator. 

In spite of these facts, the work done has been most creditable in 
amount and in quality. Nowhere has better work been done, and no- 
where is more research at present in progress than at the Kugenics 
Record Office, now a part of the Carnegie Institution of Washington, 
at Cold Spring Harbor, New York. ey 

Through the kindness of Doctor Davenport, its director, I am per- 
mitted to use many of the pedigrees here given. Medical men who 
desire to give or receive information on matters relating to human 
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inheritance can do no better than to establish connection at the 
earliest possible date with the staff of this institution. 


A. PHYSICAL TRAITS 


1. Non Sex-linked. Albinism.—When investigators were deter- 
mining the method of inheritance of complete albinism in lower mam- 
mals and finding that it followed closely the mendelian laws, it was 
hoped that albinism in humans would behave in a similar fashion. 
The monograph on albinism by Pearson, Nettleship, and Usher, 
served_to show that there was more than one genetic type of this 
character and that its inheritance was not as simple as that of a single 
mendelian recessive. 

Wright in a careful review of the inheritance of albinism in man has 
concluded that there are probably several degrees of albinism, all 
recessive to complete pigmentation and themselves falling into a 
multiple allelomorph series. The case would have a close parallel 
in albinism in guinea pigs, recently analyzed by Wright, or in the three 
allelomorphs of the albino series in rabbits. He also believes that 
multiple and modifying factors may be involved, and sums up the 
results of his analysis as follows ‘“‘. . It is sufficient to note that 
albinism cannot always be a single unit. We maysay that albinism in 
most families is due to recessive unit factors, but we must be cautious 
in identifying the albinism of different families with each other and 
with the albinism of lower animals.” 

Eye Color.—The common eye colors of humans—blue and brown— 
were at first considered as a simple pair of Mendelian allelomorphs, 
though from the outset certain exceptions to the ratios expected under 
this hypothesis have been observed. 

Davenport (1911) has tabulated certain matings as regards eye 
color as follows: 


Offspring 
Parents 
Blue Pigmented 
mee, DIGG... cs nt Cee Ai ae 229* 1 
(eiormented Dre, < her wre). o meeneetat tes 654 712 
Pigmented 2)D*x< pluess. sk eee teen ese 0 136 
Pigmented DR X pigmented DR.......... 121f 248 
Pigmented DD X pigmented DR.......... 0 294 


a ee eee 


Hurst believes that there is a single mendelian unit difference 
between pigmented and unpigmented eyes, and points out the danger 
of confusing pigmented with unpigmented eyes, when the degree of 
pigmentation is very slight. 

*Davenport states that 866 cases were not included because unchecked. 


tA number of these blues are undoubtedly destined to become pigmented in 
later life. 
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Wright, however, feels that the condition is not so simple as this 
and that certain cases known to him in which blue eyed (unpigmented) 
parents have produced brown-eyed (pigmented) children invalidate 
the single factor hypothesis. It seems likely that all are right in a large 
measure and that we shall find a single factor explanation suitable to 
the majority of cases with perhaps additional genetic complications in 
certain families. 

White Spotting.—We are familiar with many genetic forms of 
white spotting in lower mammals. It is not surprising therefore, to 
find at least two clearly distinct forms in man. One of these is clearly 
dominant in both sexes while the other, which may possibly consist of 
two distinct forms, gives evidence in some pedigrees of being sex- 
limited, and in others dominant in both sexes. 

Piebald Spotting.—The first type known as piebald spotting has 
been excellently figured and pedigreed in Pearson, Nettleship and 


Fic. 66.—Pedigree of Piebald Spotting. (After Pearson, Nettleship and 
Usher.) Particolored symbols, piebald; outline, normal; squares, male; circles, 
female; diamonds, sex unrecorded. ‘The behavior is that of a typical Mendelian 
dominant. 


Usher’s monograph on albinism. Occurring in its most striking form 
in negro races, it produces an individual with a broad white stripe run- 
ning through the face and forehead, over the head, and affecting the 
face and hair. In addition there are some large white spots on the 
sides and ventral surface. 

This character, behaves in inheritance like a mendelian dominant 
without any particular relation to sex. The pedigree given above 
taken from Pearson, Nettleship and Usher’s monograph on albinism, 
includes data given by Simpson and Castle for a negro family in which 
the character occurs frequently, and in which its hereditary behavior 
can be clearly followed. Any attempt, however, to draw an exact 
homology between this factor and any of the dominant spotting factors 
in rodents, would seem premature. 

White Blaze.—This character often described as a ‘‘congenital 
lock of white hair” is, as already stated, sometimes affected by sex, 
and sometimes apparently independent of it. A pedigree showing a 
family of the latter sort is given by Davenport from the data of Gossage 
after Rizzoli (Fig. 67). It will be seen that individuals showing the 
character are always the product of matings in which at least one 
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parent has the character also. It behaves, therefore, as a dominant 
mendelian character. 

In other families, such as the one after Holmes and Schofield, 
shown below (Fig. 73) it appears to be sex-limited and to be dominant 
in males and recessive in females. In this pedigree, it is noted that 
the character develops only at puberty. The case is therefore, 


Fig. 67.—Pedigree showing inheritance of congenital lock of white hair. 
Affected, solid; S, spotted, sex unknown, both sexes affected. (Gossage after 
Rissoli.) The character behaves like a Mendelian dominant uninfluenced by sex. 


comparable in many ways to the inheritance behavior of horns in 
sheep in which a given character may behave as a dominant in one 
sex, and as a recessive in the other in certain races, while in different 
races both sexes react in a similar fashion. The intimate relation 
between the secretions of the gonad and the appearance of the white 
spot in the family reported by Holmes and Schofield is seen in the 
fact that the white lock does not develop until puberty. 


Fie. 68.—Pedigree of white forelock. (After Holmes and Schofield, 1917.) 
Appearing at puberty in males only and therefore probably sex-limited. Contrast 
with Figure 67. 


The inheritance of this trait—so easy to observe and to record— 
is worthy of further study because of its theoretical interest. 

Stature.—Since the time of Galton, human stature has been the 
object of investigation by students of genetics. It was first used as 
a standard example of a character which was continuous in variation 
and non-mendelian in inheritance. Work by Castle and his pupils 
on size inheritance in rabbits was similarly interpreted. Then in 
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1909-10, isk Nillsson Ehle and East independently showed that varia- 
tions such as size, before considered continuous and non-mendelian, 
could as well be explained on the basis of many mendelizing factors 
with incompleteness of dominance. Another paper by MacDowell 
on size inheritance in rabbits took, as the most likely explanation, 
the multiple mendelizing factor hypothesis. A further series of size 
inheritance crosses in Nicotiana by East, gave additional evidence 
for the correctness of this hypothesis. 

In 1917, Davenport published a most interesting paper on inheri- 
tance of stature in man. Utilizing a large amount of data, he reached 
important general conclusions, among them the following: 

1. The offspring of two tall parents are less variable in stature 
than those of two short parents. 

2. When both parents are “tall,” or ‘very tall,” and of tall stock, 
practically all the children are tall or very tall. 

3. When both parents are ‘‘very short,” or “‘short,’’ and of short 
stock, all children are short or very short. 

4. The hypothesis tested is that “‘short’’ parents may, and fre- 
quently do, carry germ-cells which lack the shortening factors, while 
in tall parents, the gametes are more nearly homogeneous and all 
lack most of the shortening factors. 

5. The truth of this hypothesis seems to be established. Shortness 
is due to certain positive factors that inhibit growth of the various 
parts. 

6. While ‘‘growth-as-a-whole’’ factors are present, yet there is 
a large degree of independence in the variability of the four segments 
of stature considered. Thus the correlations between suprasternal 
and substernal segments is 0.09 + 0.04; between knee-to-pubic-arch 
and ‘‘knee-to-sole’”’ 0.24 + 0.04; between standing and sitting height 
0.64 + 0.03. Thus independence in variability of the segments of 
stature makes impossible any simple Mendelian inheritance of stature 
as a whole. 

7. In the segments of stature (as contrasted with stature as a 
whole) we approach a condition of relatively few factors for the 
character. 

8. There are families in our population characterized by idiosyn- 
crasies in length of each of the segments of stature. ; 

9. It is probable that in all forms of dwarfing there are multiple 
dominant inhibiting factors. 

10. In the case of giants, when both parents are tall, all of the 
children are tall. This indicates that the factors for tallness are 
mostly recessive probably due to the absence of inhibitors to prolonged 
growth. 

This approach to the subject has put the matter on a far firmer 
basis than formerly existed. The recognition of general and of more 
or less localized size factors is an important advance and should lead 
to even further discoveries in the future. A somewhat similar result 
has been obtained by Wright after a careful analysis of Castle’s and 
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MacDowell’s rabbit data. He found that besides general factors 
influencing size of the body as a whole, there was “a certain amount 
of variation of each bone independently of all others measured and 
there are also groups of bones which vary together independently of 
the rest of the body. Skull length and breadth on one hand, and the 
three leg bones on the other, are two such groups. Again the bones 
of the hind leg, femur, and tibia form a group subject to common 
influences which do not affect the humerus, a bone of the fore leg; 
and finally femur and humerus, homologous bones in hind and fore 
leg, vary together independently of the tibia.” 

Hair Color—Two general facts have appeared from the study of 
the inheritance of human hair color. The first is that the various 
grades of hair pigmentation from extremely dark brown, or “black” 
to the lightest blond are arranged in a more or less continuous series 
of a very similar sort to that seen in the different grades of depth of 
color between full pigmentation and albinism in guinea pigs. The 
case in guinea pigs has been analyzed by Wright on the basis of a 
series of multiple allelomorphs, with a certain amount of incomplete 
dominance. It is very likely that a similar explanation with the 
possible assistance of modifying factors will eventually explain the 
observed facts in man. 

The second general matter of.interest is the behavior in inheritance 
of red hair. Several investigators, among them Cane, have given 
data on this trait. The figures in Cane’s paper are especially interest- 
ing. For analysis the hair color is classified either as ‘‘red”’ or ‘“‘non- 
red.”’ The red character is apparently recessive. Red x red has 
given only a small number of offspring (11), but all are red, as expected. 
Heterozygous non-reds mated with reds have produced 46 red to 
48 non-red; equality being expected. Heterozygous reds mated 
inter se have given 116 non-red to 59 red, the expected numbers on 
a 3:1 ratio being 132 non-red, to 44 red. It is possible that part of 
the excess of reds may be the result of the fact that matings which 
although Dk X DR in constitution failed to give any RR (red) 
individuals would not be included because their true nature would 
not be recognized. Cane would not, however, claim too great definite- 
ness for the case of red hair color and recognizes the complexities 
in the situation. 

Hair Form.—There are three types of hair form commonly recog- 
nized—curly, wavy, and straight. Of these, straight hair is commonly 
recessive, and wavy is the heterozygous form between curly and 
straight. There is evidence that in some cases curly hair is completely 
dominant over straight hair, instead of producing heterozygotes with 
wavy hair. 

Skin Color.—Davenport has published a large amount of data on 
human crosses between whites and blacks. The ordinarily inter- 
mediate appearance of the F; hybrid or “mulatto” generation, is 
of course, well known. By employing quantitative methods in 
determining the degree of pigmentation, Davenport has been able to 
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show evidence of segregation. He has explained his results by an 
hypothesis which supposes that two mendelizing factors for pigmenta- 
tion are present in the pure West African negro and that dominance 
is incomplete, giving an intermediate between white and black when 
either or both of these factors are present in a single dose. The 
matter needs continued investigation, for with such a slow breeding 
animal as man, proof of this, or indeed of any hypothesis, must rest 
on large numbers of progeny. 

Hair Types.—There is, besides normal hair, a peculiar beaded 
form known as monolithrix which 
is dominant in heredity. Segre- 
gation is apparently clear cut. 

Nail and Teeth Defects.— 

Defects of both teeth and nails 

are distinctly inherited, though 

sufficient data have not been 

collected to give opportunity for 

an accurate analysis of the type 

of inheritance involved. There is 4 chee 
some evidence that defects of the ee iy kageactt fae Hastie, 
nails are also correlated with de- solid black; cleft palate, half black. 
fects of the hair, such as prema- (After Schmitz, 1904.) 

ture baldness. 

Harelip and Cleft Palate-——These defects are beyond doubt 
hereditary—occurring not only in man, but in dogs where their appear- 
ance in many members of a given family or strain is striking. Sample 
pedigrees of their inheritance is shown in Figs. 69, 70. 

In both these pedigrees, the trait might be taken as behaving as 
a mendelian dominant, but other cases are known where affected 

individuals have certainly arisen 
from normal parents. This, of 
course, at once eliminates the 
possibility’ of a simple single 
factor mendelian hypothesis. 
a The case is worthy of consider- 
able further investigation. 
Cancer.—The inheritance of 
Fic. 70.—Showing pedigree of inheri- ® tendency to the formation of 


tance of harelip and cleft palate; harelip, multiple nerve tumors, recogniz- 
right half dark, cleft palate, left half dark. eq ag multiple neurofibromatosis 
(rout Apert, 1907, after Schmitz.) or von Recklinghausen’s disease 
has been studied by Preiser and Davenport (1918). A pedigree of a 
family showing elephantiasis due to consolidation of multiple tumors 
is given in Fig. 71. It will be noted that the hereditary factor behaves 
essentially as a dominant suggesting that this particular type of tumor 
may be formed as the result of a simple mendelizing factor with no 
complications due to sex limitation. The clear correlation between 
mammary tumors and the female sex makes certain that there are 
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many hereditary factors to be considered when all types of cancer 
are included. The tendency to localization of tumors in particular 
strains is evidence in support of this fact. 

The hereditary nature of many types of neoplasms in mice, indi- 
cated by the work of Haaland, Murray, and Tyzzer, has been clearly 
demonstrated by Slye. The occurrence of strains in which many of 
the individuals develop cancer of a particular type shows not only 
inheritance of a tendency to form neoplasms, but in addition, specific 
sorts of neoplasms. Slye’s work, which has covered an enormous 
series of individuals has shown beyond a reasonable doubt that in 
addition to factors determining general upsets in the control of growth, 
there are undoubtedly multiple modifying 
factors producing localized or specific types. 
The case, then, becomes closely analogous 
to the factors for stature. There are size 
differences limited by sex, and there are 
types of tumor so limited. There are size 
factors in plants and possibly in some ani- 
mals giving simple single factor mendelian 
results. Perhaps these exist for some forms 
of cancer. There are general size factors 
influencing the whole body, and there are 


eee eee Se undoubtedly general growth factors—modi- 
Harbitz, 1909.) Extraordi- fication of which may produce general neo- 
Bee giocalizaon La plasmic tendencies. There are specific size 
exception of Individual N it factors affecting skull length and width only, 


behaves as a Mendelian and there are apparently, hereditary fac- 


dominant. : ; 
tors producing liver tumors or lung tumors 


in given strains. Slye has, to be sure, advanced a single mende- 
lizing factor hypothesis to explain the occurrence of all cancer. This 
in the face of her own data is unsatisfactory and unsupported by cer- 
tain pedigrees. 

The fact that cancer is, relatively speaking, a disease of old age 
in mice as well as in men, makes the case further complicated. Unless, 
however, a given age is taken as an arbitrary limit, it will be entirely 
impossible to prove or disprove any type of inherited tendency to 
cancer. ‘The adoption of an age limit should be possible, for Leo 
Loeb has shown that the age of tumor incidence varies markedly in 
different strains. This being the case, it is almost certain that selec- 
tion for early tumor incidence would yield practical results, and allow 
the fixing of an age-limit—safely beyond the age of incidence—at and 
after which time the individual can be definitely classed as cancerous 
or non-cancerous, as the case might be. A single strain in which this 
had been carefully done would certainly give data more likely to 
yield analyzable ratios of cancerous to non-cancerous animals than a 
large amount of data collected under less controlled conditions. The 
facts of inheritance for mice undoubtedly give us a clue to the condi- 
tions in humans and we may safely accept the fact of inheritance 
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of various tendencies to different types of neoplasms and await 
further investigations to give us clues as to the nature of the process. 

Huntington’s Chorea.—One of the clearest examples of a 
mendelizing character in man, and one of the first to be worked out, 
is Huntington’s chorea. In inheritance, it behaves as a dominant 
over the normal type. This fact is clearly brought out by the sample 
pedigree taken from Davenport and reproduced in Fig. 72 Being 
a disease characteristic of adults, and being without marked symptoms 
during most if not all of the reproductive period, it is peculiarly vicious 
in its effect on the race. Its late appearance means that an individual 
is frequently already married and has a family at the onset of the 
disease. The offspring of this individual are then placed in a most 
difficult predicament. They have about an equal chance of develop- 
ing chorea as adults, and if they do, their children in turn, should 
they have any, have the same cloud hanging over them. If, on the 
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Fic. 72.—Pedigree of family with Huntington’s Chorea. Behavior is that of a 
typical Mendelian dominant not influenced by sex. 


other hand, fearing the appearance of chorea, and the consequent 
handing of it on to their children, they refrain from marriage, they 
may find that upon reaching adult life, they do not develop the disease 
and that they have wasted their opportunity for happiness and the 
right to produce offspring. Until a method for observing symptoms 
during youth is discovered, those who will and those who will not 
develop the disease cannot be distinguished, and the decision as to 
the proper course to be followed must remain a matter of personal ; 
choice. It is, of course, clear that an individual with the disease 
should never marry. They are certain of handing on the disease 
to approximately half of their children and the proportion may often 
run higher as can be seen in Line IV of Fig. 72. nals. 

Hereditary Ataxy (Friedrich’s Disease).—This disease, usually 
beginning in childhood or youth, is also inherited as a mendelizing 
character. Like Huntington’s chorea it is a dominant and a pedigree 
showing its inheritance would not in its essentials, be markedly 
different from that disease as is shown in Fig. 73. 
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Skeletal Abnormalities.—Hereditary fragility of bones, or osteo- 
psathyrosis, is an interesting example of a trait which behaves as a 
mendelian dominant. Families in which it occurs show an amazing 
series of fractures following injuries which would have left a normal 
individual unscathed. Osteopsathyrosis is frequently correlated 
with blue sclerotics. Some individuals, however, with blue scler- 
otics, are of ample age to have shown any tendency to bone fragility 
which they might possess, but in this respect are seemingly normal. 
Other individuals are found who. have marked bone fragility but 
normal sclerotics. Whether this indicates genetic linkage or modify- 
ing factors is not yet clear. It is, however, worthy of note in passing, 
that because of the dominance of both traits, breaks in linkage, did 
they occur, would become evident at once. 

Achondroplasia, a rare structural abnormality resulting in a “‘dachs- 
hund’’-like curving of the appendages is known to be probably 
dominant. The same sort of condition is dominant or partly so in 
sheep, cattle, and dogs. Exostoses, on the long bones, absence of 
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Fie. 73.—Hereditary Ataxy. (After Mott, 1905.) Solid symbols, affected 
individuals. No relation to sex. 


clavicles, and certain defects of the hip are also known to be inherited, 
but have not yet been sufficiently studied to enable analysis of their 
exact hereditary behavior. 

Polydactylism, Syndactylism, and Brachydactylism, form an interest- 
ing group of very striking skeletal abnormalities clearly inherited. 
They are all of them ordinarily dominant. Occasionally, however, 
dominance may be incomplete or wanting, with the result that abnor- 
mal individuals may be produced by parents, both somatically normal, 
but one of whom at least is genetically abnormal, without showing 
the trait externally. 

The close analogy between the behavior of these characters in 
man, and in the lower animals such as cats, guinea pigs, or poultry; 
is striking. In man however, the production of individuals homozy- 
gous for the dominant abnormalities is seldom, if ever, realized. 
We cannot therefore, be sure whether any of them are lethal in their 
behavior or indeed, whether the homozygous forms would show 
Hae different structural conditions from the known heterozygous 

ypes. 
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Diabetes Insipidus.—This disease is inherited apparently as a 
mendelian dominant. It is clear therefore, that persons affected 
should not marry since the probability is that at least half of their 
offspring will be similarly affected. 

, Diabetes Mellitus—The fact of inheritance as regards this 
disease has been clearly established. It) has, however, been less 
studied than diabetes insipidus and its exact behavior is less known. 
It is certain, however, that an affected individual may arise from 
normal parents, which suggests that it may be a mendelian recessive. 

Two abnormalities of the urine, alkaptonuria and hematuria, 
are clearly inherited. The former is probably recessive, the latter 
dominant to the normal form. 

Hypospadias or imperfect development of the male genitalia is 
clearly inherited. Because of its very nature, it is sex limited—occur- 
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Fie. 74.—Pedigree showing inheritance of hypospadias; typical sex-limited 
behavior. The character manifests itself in males only. Each affected individual 
has an affected father. 


ring in males only. A pedigree showing its behavior is shown in 
Fig. 74. It follows closely the expectation of a mendelizing character, 
dominant in males and recessive in females. This is shown by the 
appearance of normal sons among the progeny of affected males, and 
of affected sons from normal mothers whose fathers in turn were 
hypospadiac. ; 
Pellagra.—To obtain conclusive evidence concerning the rdle of 
inheritance in the transmission of pellagra is difficult. Davenport 
and Muncey have investigated family histories, and from work in 
the field have been able to demonstrate certain families which are 
characterized by mental symptoms. Others are characterized by 
intestinal symptoms, and still others by skinsymptoms. There are 
evidently family ‘‘tendencies” towards one or the other form quite 
commonly. A tabulation of normal and pellagrous offspring according 
to their parentage shows that when both parents are normal, 41.8 
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per cent. of their offspring are pellagrous; when one parent is normal 
and the other pellagrous 15.9 per cent. of the offspring are pellagrous; 
when both parents are pellagrous 18.3 per cent. of the offspring are 
pellagrous. ; 

The conclusions reached are that pellagra is not inherited in the 
relatively simple sense of brown eye color. The course of the disease 
however, depends on certain constitutional inheritable traits of the 
affected individual. Pellagra is probably communicable, but just 
how the communicable germ of the disease shall progress in the body 
depends in part upon constitutional factors. 

The behavior of this trait has been entered into in considerable 
detail since it affords an excellent example of a complex character, as 
yet incompletely analyzed where similarity of symptoms in certain 
families indicate the presence of an hereditary factor but where the 
communicable nature of the disease complicates conditions to a marked 
degree. 


NorMAL AND PELLAGROUS OFFSPRING ACCORDING TO THEIR PARENTAGE 


P t Offspring Per cent. 
arents 

Normal __ Pellagrous pellagrous 
Normal moral seers. cree ees 280 133 41.8 
Normal X pellagrous 

Pa a hy area 2 15. 
Pellagrous X normal oes eco a0) 
Pellagrous X pellagrous.............. 98 22 18.3 


Multiple Births.—The cause and frequency of multiple births in 
man has long been a matter of great interest to medical men and biolo- 
gists alike. Davenport’s recent studies of this matter have led to some 
interesting disclosures. The average percentage of twin labors in the 
population at large is about 1.1 per cent. In families where more 
than one pair of twins results, the parents may be classed as ‘‘re- 
peaters.”” In such cases the families of “‘repeating’’ mothers show 4.5 
per cent. twin labors, while families of ‘‘repeating’’ fathers show 4.2 
per cent. If the fraternities of repeaters are further analyzed, inter- 
esting facts appear as follows: 


Father’s sister’s children........2../. 2.00... 8.2 per cent. twins. 
Mother’sisister’s children: a4-15 0. see 5.5 per cent. twins. 
Hather’s brother's childrenes. «. «0s seesee oe 6.5 per cent. twins. 
Mother's brother's children c.04..ie ane 4.5 per cent. twins. 


These data include both multiparous and uniparous twins. If, how- 
ever, cases of certain or highly probable identical twins only are tabu- 
lated, mothers and fathers both come from fraternities showing 13 
per cent. twins. 

Up to the present, there has been a general acceptance of the princi- 
ple that there were as many young born as there were eggs liberated 
at any given ovulation. Davenport shows certain data obtained from 
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swine in which 34 corpora lutea were accompanied by 22 embryos. 
The discrepancy may be due to: (1) Failure to fertilize all eggs, and 
(2) Failure of the fertilized egg to de- 
velop. In this connection the lethal fac- 
tors already recorded in mice appear to 
offer supporting evidence. Davenport 
concludes that families producing twins do 
so because of multiple ovulations and also 
because sperm is active, abundant, and 
without lethal factors. 

Davenport has also given a most re- 
markable pedigree of a family showing a 
series of multiple births which is repro- 
duced herewith (Fig. 75). The two fe- 
male ancestors in the first and second 
generations are reported as being mem- 
bers of families in which the fraternities 
were entirely composed of multiple births. 
The propositas was married three times. 
By each marriage, only multiple births 
resulted totalling seven pairs of twins, five 
sets of triplets, and three sets of quadrup- 
lets, or 41 individuals. The only one of 
her daughters from whom children have 
been recorded, has had but one single 
birth and one pair of twins who died in 
infancy. Such a pedigree as this brings 
home forcibly the tremendous importance 
of the hereditary factors in multiple births. 

Abnormalities of the Skin. LHpider- 
molysis bullosa.—This trait shows, in a 
pedigree from Gossage after Bonajuti (Fig. 
76) an hereditary behavior characteristic 
of a mendelian dominant affecting both 
sexes, approximately equally. In only two 
cases is it not known that the affected 
individuals are descended from parents 
at least one of which was affected. 

Ichthyosis.—This trait behaves in a 
most interesting fashion as is shown in 
the two pedigrees. In the first case (Fig. 
77) both sexes are affected, and the 
behavior is that of a recessive Mendelian L 
character. In the other pedigree males all ; 
only are affected, and the trait is apparently sex limited, being domi- 
nant in males and recessive infemales. If such is the correct explana- 
tion, we should expect that the particular mating giving the large 
fraternity (Fig. 78) would produce one normal male, one male with 
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Fia. 75.—Remarkable pedigree of multiple births, giving a total of 41 children from a single mother. 
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ichthyosis, and two normal females. The numbers of each type ob- 
tained are actually five, four, and seven respectively—the expecta- 
tion being four, four, and eight. The agreement considering the small 
number of individuals is remarkably close. 

Tylosis.—This is also inherited but behaves as a normal dominant. 
There appear to be no irregularities nor any especial relation to sex. 
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Fig. 76.—Pedigree of Epidermolysis bullosa from Davenport. (Gossage after 
Bonajuti.) Solid, affected; outline, normal; circle, female; square, male. Be- 
havior is that of Mendelian dominant. 


Eye Defects.—There are a number of eye defects which are clearly 
inherited. Some of them are sex-linked in their inheritance, and will 
be considered under that heading. There remain, however, several 
which are independent of or only slightly related to sex in their inheri- 
tance. These we may next consider. 

Cataract—This character ordinarily behaves like a Mendelian 
dominant, Loeb (1909) reports a total of 304 families and 1,012 
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Fic. 77.—Pedigree of Fic. 78.—Pedigree of ichthyosis. (After 
ichthyosis. (After Gossage, Bond, 1905.) Males only affected. Inheri- 
1907.) Both sexes affect- tance either sex, linked or sex limited, probably 
ed. Character apparently the latter. 


recessive. 


children in which 589 or 58 per cent. showed the disease. This be- 
havior is entirely in accord with the suggestion of its dominance. 

Ectopia lentis, coloboma and micropthalmus, or reduction in the size 
of the eyeball are all apparently distinct in inheritance and are all 
dominant over the normal type. 

So also are two defects, retinitis pigmentosa and hemeralopia, or 
night blindness. 'The number of these characters which are dominant 
to the normal type is especially striking in view of the rarity with which 
dominant variations normally occur. 
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Ear Defects.—Generally speaking, ear defects are inherited. The 
method of inheritance is, however, in comparison with the eye defects 
listed, little understood. There seems to be no considerable evidence 
in favor of a small number of simple mendelizing characters. It 
seems rather as though multiple factors and modifiers were involved, 


and this would necessarily mean, slowness, 
caution, and some uncertainty during the com- 
pletion of analysis. 

Right and Left Handedness.—Jordan (1911) 
has studied the hereditary tendency to left 
handedness and has given many pedigrees show- 
ing its behavior. The result of his work has 
led him to the conclusion that there is a distinct 
hereditary tendency to left handedness, but 
that the character manifests itself in many de- 
grees of use of the left side of the body. No 
simple mendelian explanation will fit all cases. 
This is not hard to understand, for there must 
be many factors which contribute to the estab- 
lishment of aseries of associated activities which 
we have come to call left handedness or right 
handedness, as the case may be. 

Hurst in a general paper on Mendelian in- 
heritance in man, has considered the inheri- 
tance of left handedness. The ambidextrous 
are always a difficult class to deal with in such 
a study. Hurst has classified them as left 
handed in contra-distinction to Jordan who has 
classed them as right handed. If they are con- 
sidered left handed, DR X DR matings have 
given 67 right to 21 left—suggesting the reces- 
sive nature of left handedness. If, however, 
left handedness is recessive it is clear that 
there are other factors involved which transform 
the ordinarily left-handed individual into an 
ambidextrous one or vice versa. 

Manner of Clasping the Hands.—Every 
individual has a characteristic manner of clasp- 
ing the hands with either the right or -left 
thumb uppermost as the case may be. Lutz 
and Hurst have both studied the possibility 
of inheritance of this character. Hurst has 
concluded that its inheritance is not mendelian 
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Fic. 79.—Pedigree of muscular atrophy. 


Recessive sex-linked character 


(After Herringham, 1888.) 


appearing in males only. 


since about 50 per cent. of the progeny clasp their hands in each way. 
This trait needs considerable further investigation before its inheri- 


tance can be analyzed. 


2. Sex Linked.—A considerable number of defects in man are to 
inherited according to the type of sex linkage seen in Drosophila. T he 
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defects are recessive and may therefore be carried by outwardly nor- 
mal females, and by them be handed on to approximately half of their 


sons. The sons since they have only one X chromosome in which 
to carry sex-linked characters, are either normal or actually show 


the defects. 


Fie. 80.—Pedigree of hemophilia. (After Bulloch and Fildes.) A sex-linked 
recessive character. Notice that males only are affected and that descent is 
through unaffected mothers, the daughters or. granddaughters of affected males. 


Fig. 81.—Pedigree of color-blindness, a sex-linked Mendelian recessive. (After 
Nettleship and Usher, 1915.) Affected mothers transmit the defect to their sons 
and these through their normal daughters to their grandsons. 


The traits now identified as being in all probability sex-linked re- 
cessives are: 


Muscular atrophy 
Hemophilia 

Atrophy of the optic nerve 
Color blindness 

Multiple sclerosis 

Myopia (certain forms) 
Nystagmus (certain forms). 
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A pedigree of afamily showing muscular atrophy (Fig. 79) after Herring- 
ham (1888), will serve to demonstrate the method of inheritance. It 
will be noticed that males only, show the defect, and that they in most 
cases, are the sons of normal daughters, themselves children or grand- 
children of affected males. Affected females can be produced if and 
when an affected male marries a normal female who carries the defect 
as a recessive. 

It is likely that as other sex-linked characters are found, it may be 
possible to discover something of their linkage relations with each 
other. Conceivably there may be found linkage between some of the 
defects and some dominant, measurable, trait which would serve to 
designate which individuals were carrying the defect and which were 
not. 

The similarity of behavior of sex-linked recessives may be seen 
clearly when the two pedigrees of hemophilia (Fig. 80) and of color 
blindness (Fig. 81) are compared with each other, and with that of 
muscular atrophy already referred to. The danger of confusing sez- 
linked recessives with sex-limited characters is very great, and should 
be continually guarded against in interpreting the data in human 
pedigrees. It will be seen that zn general, sex-linked recessives are 
not transmitted directly from father to son while sex-limited characters 
commonly are. When experimentation is possible it can usually be 
shown that presence or absence of the sex-limited trait is correlated 
with presence or absence of the male gonads. On the other hand, 
castration has no effect upon the appearance of sex-linked recessives. 
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Insanity.—In the case of insanity, we are of course faced with a 
tremendously complicated condition. There are many types of mental 
disorder, classifiable under this heading. Some are undoubtedly 
inherited but the exact types, surely heritable, and the method of their 
inheritance are as yet uncertain. Nevertheless, much good work has 
been done in compiling data on families inflicted with insanity, and the 
future will undoubtedly see even further progress. The principles of 
incompleteness of dominance, and modifying factors and the influences 
of sex limitation might well produce such a mixture of results as to 
lead to great difficulties before a satisfactory explanation or interpreta- 
tion could be attained. 

Epilepsy.—Here again there are many forms of the disease and 
presumably several causative agents. Types of epilepsy, however, 
have been found by Davenport and Weeks to be clearly hereditary. 
The general tendency is for the disease to behave as a recessive and 
there is some evidence of its close relationship with certain forms of 
feeble-mindedness. 

Mental Ability.—The inheritance of the various types and 
grades of mental ability with the resulting opportunity to produce 
families, races or strains of exceptional or specialized talents, has a 
rightfully strong appeal to the imagination. Shining through the 
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temporary shifts and variations of sociological conditions is the clear 
light of the biological principles foreshadowed by Darwin’s work and 
made clearer by the investigations of Galton, Pearson, and the various 
eugenists of the mendelian school in the United States. The inheri- 
tance of general grades of mental capacity including feeble-mindedness 
and of specialized talent has been clearly demonstrated. 

The facts now known concerning the inheritance of mental ability 
may profitably be considered under three main headings: (1) General 
mental ability, (2) Special traits and talents, and (3) Sub-normal 
mentality—Feeble-mindedness. 

1. General Mental Ability—Following the biometrical point of 
view which Galton initiated, Pearson and his co-workers lave studied 
the degree of resemblance between sibs in respect to many physical 
and mental traits. This degree of resemblance they have expressed 
in the form of a fractional coefficient of correlation for the trait under 
consideration. They have found that in the cases of traits concerning 
the inheritance of which there can be no doubt, the coefficient of fra- 
ternal correlation is about 0.52. Following similar methods, they have 
measured resemblance within the fraternity in mental traits such as 
conscientiousness, temper, and vivacity, and have found the correla- 
tion to be about 0.50, or essentially equal. Pearson concludes that 
we are ‘“‘literally forced to the general conclusion that the physical 
and psychical characters in man are inherited within broad lines in the 
same manner, and with approximate intensity.” 

It is clear that ‘“‘general mental ability” is a term which upon even 
superficial analysis breaks up into elements of a more or less distinct 
nature. It is obvious that an exceptional mental aptitude for many, 
z.e., for general purposes, may be formed by possessing either marked 
abilities of general value such as keenness, rapidity, and accuracy of 
perception, imagination, memory, combined with judgment, with bal- 
ance, and with vigor; or from the possession of a number of highly 
developed special talents such as artistic ability, musical ability, 
judicial temperament, mechanical skill, and mathematical ability— 
representing such diverse lines of endeavor that the possessor becomes 
versatile beyond all ordinary limits. 

Of course, the genius would combine the general and special abilities 
in various ways and in extreme degrees. Inasmuch as the mind for 
ordinary purposes must be a successful smoothly working system, it is 
not hard to see that excessive activity and capacity in some particular 
line might well lead to over-balancing the system and to mental dis- 
order of some type. 

Woods and Cattell have carried ona discussion as to the relative 
value of heredity and of environment in determining eminence in 
scientific work and in general mental capacity. To distinguish 
between the hereditary and environmental influences in large groups 
of individuals is always difficult, and often impossible. Having shown, 
as does Wood, that Massachusetts produces far more than her propor- 
tion of Americans with marked mental capacity, it remains an open 
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question as to what proportion of this excess depends upon increased 
opportunity of environment and what proportion may be allotted to 
heredity. The point for us, to bear constantly in mind is that both 
influences are operative and efficient and that the greatest mental 
ability is not and never can be realized unless the optimum of 
inheritance is combined with the optimum of environment. 

2. Special Traits and Talents.—Pearson’s earlier work indicated 
that many special abilities of an hereditary nature existed, and the 
work of the more recent mendelians has done much towards their 
analysis. 


Musical Ability (after Hurst) 
Symbols 


Solid. 2 Non musicaL 
Odtime »Musicat 


Eki ee 


\ 


Fic. 82.—Two pedigrees of marked musical ability. (After Hurst.) Note 
that when two individuals with marked ability are mated only progeny with 
musical ability result. 


‘ Among the large number of traits studied, certain stand out as of 

peculiar interest and may profitably be taken as examples. These 
are (a) Musical ability, (6) Artistic ability, (c) Mathematical ability, 
and (d) Nomadic tendency. 

(a) Musical Ability—Davenport in 1911 stated of this trait, that 
when both parents are exceptionally gifted, all their children will be 
either of medium or exceptional ability. Thus from such matings, 
81 exceptional, 120 fair and 1 poor individual resulted. The one 
“‘noor’’ individual is considered by Davenport as probably an error 
due to unsatisfactory returns or bad classification. When one parent 
is of high ability and the other low, the children will vary much; 257 
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offspring from such matings were lascsed as follows: 45 no ability, 
128 intermediate, and 84 exceptional. Davenport concludes that 
“the result indicates a partial blend in the musical ability of the off- 
spring of mixed origin.” 

Later work by Hurst has indicated that in certain families at least 
the trait behaves strikingly like a Mendelian recessive. A pedigree 
of such a family is herewith reproduced (Fig. 82). It will be noted 
that two individuals without marked musical ability (solid symbols) 
may give rise to exceptional musicians among their progeny (outlined 
symbols), but that when two individuals of exceptional musical ability 
marry, all their children are exceptionally endowed. 

Hurst’s findings do not in any way preclude incompleteness of 
dominance and the effect of modifying factors both of which would 
tend to produce variation of the type noted by Davenport. 

(b) Artistic Abilitty—Havelock Ellis in his study of British men of 
genius pays particular attention to painters and sculptors. These he 
finds come from the lower and middle classes much more frequently 
than do most of the men of genius. “Of 63 painters and sculptors of 
definitely known ancestry only two can be placed in the aristocratic 
division. Of the remainder, seven are the sons of artists, and 22 the 
sons of craftsmen, leaving only 32 for all other occupations, which are, 
in many cases, trades that are very closely allied to crafts.”” Crafts- 
men constitute 9.2 per cent. of the fathers of eminent persons gener- 
ally, and nearly 35 per cent. of the fathers of painters and sculptors. 
It is obvious that there is inheritance of special aptitude involved. 

Davenport in considering this trait, finds a strong hereditary resem- 
blance in families. He concludes that when both parents are excep- 
tional, their children will in most cases, all have high artistic ability. 
When on the other hand both parents are from stock devoid of artistic 
talent and have none themselves, none of the children will show excep- 
tional ability in art. 

(c) Mathematical Ability—As an example of inherited mathe- 
matical ability, Davenport cites the Bernoulli family, in which one 
individual, his two nephews and three sons of nephews were all mathe- 
maticians of high rank. 

Allied to mathematical ability is calculating ability and the family 
records cited by Davenport give evidence on 728 offspring produced 
from parents both of whom are good calculators. Of these 92 per 
cent. were ‘‘good at calculating.” ’ 

(d) Nomadic TendencyNomadism or the wandering impulse, 
has been traced by Davenport through many generations, including 
large numbers of individuals. As a result of his studies, he reaches 
the following conclusions: 

; ‘The wandering instinct is a fundamental human instinet which 
is, however, typically inhibited in intelligent adults of civilized people.”’ 

‘‘Nomadism is probably a sex-linked recessive mono-hybrid trait. 
It therefore follows that sons are nomadic only when their mothers 
belong to nomadic stock, and that daughters are nomadic only when 
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their mother belongs to such stock, and their father is actually himself 
nomadic.” 

“When both parents are nomadic, expectation is that all the chil- 
dren will be.”’ 

“The nomadic impulse frequently occurs in families showing vari- 
ous kinds of periodic behavior such as depression, migraine, epilepsy, 
and hysteria. ‘He concluded that these periodic states are’’ not the 
true cause of nomadism, but rather that, for the better inhibited part 
of the community the nomadic tendency is released in the periodic 
state, which thus paralyzes the inhibitors. The feeble-minded and 
demented may wander without going into a periodic state. The peri- 
odic psychoses are frequent concomitants, but not the fundamental 
cause of nomadic impulses. They merely permit the nomadic impulses 
to appear.” 

Admitting as one may, the inherent difficulties in classifying and 
evaluating mental traits, it would seem that the above analysis of the 
nomadic tendency shows without doubt the fact of its inheritance, and 
goes far towards tracing the nature of its behavior in inheritance. 

Many other mental traits have been studied, with the result that 
there is a steadily increasing mass of facts to show that mental traits 
will, when methods of classification are further perfected, fall into line 
with physical traits in inheritance. Undoubtedly the simple 
difference will be rare, but the mental trait or the instinct dependent 
upon a complex of mendelizing units will undoubtedly be the rule. 

In considering these special traits it must at once become clear that 
the elements contributing to success in them need to be more com- 
pletely isolated and analyzed before we can expect to reduce them to a 
factorial basis as definite as that attained in the case of such characters 
as piebald spotting or eye color. 

Thus in calculating musical ability we have to consider as factors 
the structure of the vocal and respiratory: organs, the accuracy of tone 
and pitch perception and production, the sense of rhythm, the imagina- 
tion, memory, and in the case of instrumental music, manual 
dexterity. 

Again, in artistic ability, skill in delineation, keenness of form per- 
ception and memory, and imagination are quite distinct. In mathe- 
matical ability, the réle of memory and the proficiency in visualizing 
would be interesting to investigate more thoroughly. Similarly in 
valuing the nomadic tendency, the cause of unrest might be love of 
adventure, distaste of family, and home life, or from a desire to be 
alone. ' These motives are far from identical or from indicating similar 
traits in the individual. 

We see therefore, that the fact of inheritance in all the cases is 
established, but that we must plan and carry out many further investi- 
gations before the matter can be placed on a satisfactory basis. = 

3. Feeble-mindedness.—The large amount of data on the inheri- 
tance of feeble-mindedness collected both by English and American 
eugenists is familiar to many medical men. Presenting as they do 
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one of the most clearly defined cases of a defect inherited as a men- 
delian recessive, the matter is worthy of the most careful consideration 
both because of its theoretical interest and its practical importance. 

Goddard in his detailed and accurate studies of the inmates of the 
Vineland, N. J. Institution for the Feeble-minded has given numerous 
striking and enlightening pedigrees, one typical example of which is 
shown in Fig. 83. It will be noted at once, that (1) the offspring of 
two feeble-minded parents are feeble-minded, (2) normal individuals 
may carry feeble-mindedness as a recessive and when two individuals 
so carrying it marry, feeble-minded offspring may result, and (3) 
normal lines may be found apparently free from the trait, even as a 
recessive. 

We have stated that feeble-mindedness is a recessive character, 
but this statement needs an important explanatory note. This is the 
fact that there appear to be several grades of feeble-mindedness and 
that these grades apparently arrange themselves in a series of multiple 


Fic. 83.—Pedigree of feeblemindedness. (After Goddard.) Behavior that 
of a Mendelian recessive. Solid, feebleminded; outline, normal; circle, female; 
square, male; d, died in infancy. 


allelomorphs in inheritance. The series in order of dominance begins 
with normal mentality, and runs down the scale of increasing feeble- 
mindedness until the lowest grade is reached. It is a condition 
apparently roughly analogous to the series of multiple allelomorphs 
described in rabbits. Full pigmentation and full mentality are 
analogous, as is extreme feeble-mindedness and complete albinism. 
Between them we have a series of stepping stones replacing the single 
Himalayan type in the rabbits and consisting of various grades of 
feeble-mindedness. 

Kast has recently estimated the number of feeble-minded in the 
United States at 300,000—roughly 3 per 1,000 inhabitants. Of these, 
he concludes that 100,000 have been produced by matings of normal 
parents carrying the trait as a recessive. This means that there would 
be approximately 200,000 sibs of the feeble-minded, themselves 
carriers of the taint. Proceeding from this point, by careful reasoning 
he develops the tenet that probably more than 1 in every 14 individuals 
in the population carry as a recessive the hereditary tendency to serious 
mental deficiency. 

To treat or remedy this condition, segregation of the deficients 
themselves is now practiced. Professor Punnett of Cambridge, Eng- 
land, in commenting on East’s statements reveals the fact that by this 
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method it will require about 22 generations before the proportion of 
carriers in the population is reduced to 1 in 1,000, and about 250 gener- 
ations or 8,000 years before it is practically eliminated; i.e., is found in 
about 1 in every 100,000 inhabitants. This being the case, it is obvious 
that new methods for detecting the carriers of the trait must be devised. 
On this point, both East and Punnett agree, and, taking advantage of 
the frequent incompleteness of dominance seen in other hereditary 
characters, suggest that the Binet-Simon or other proper tests would 
detect a lower mentality in carriers of feeble-mindedness than in pure 
normals. 

The problem now confronting us is to build up broad lines of 
investigation by which the various elements comprising the complex 
known as ‘‘mental ability” or “mental capacity” can be gradually 
isolated, identified, and valued as agents of permanent value in im- 
proving the race. 

The methods of bringing this about, are of course, many. The 
main lines of biological investigation, however, group themselves in a 
fairly satisfactory manner under five main heads as follows: 

1. Experiments in infant and child psychology to recognize and 
classify types. 

2. Establishment of a system of observation by which the onto- 
genetic psychological development of humans may be traced and 
recorded. This will result in obtaining valuable data on precocity and 
the attainment of early maturity—psychologically speaking. 

3. Research in psychological methods to discern and separate the 
analyzable mental traits. 

4. Investigation of psychological genetics in lower mammals, 
providing a sound comparative foundation for work with humans. 

5. Continued collection of data on humans, many of whom will of 
course prove to be the ancestors of individuals concerning whom we 
have much better information and whose ancestry therefore becomes 
important. 


C. CONCLUSION 


The general conclusion that one reaches from a study of these cases 
of human inheritance is that there are many apparently simple men- 
delizing characters in man. Of these, not a few are sex linked in a 
way directly comparable to that seen in Drosophila. This indicates 
that in man the female is homozygous and the male heterozygous for 
the X or sex-chromosome. 

Many other characters are apparently dependent upon more than a 
single pair of mendelizing allelomorphs. In some of these cases, it is 
not at all inconceivable that modifying factors may be discovered and 
analyzed. 

In the great majority of characters, however, the fact of inheritance 
is plain, but the exact method of inheritance not so clear because of 
sex-limitation, incompleteness of dominance, or difficulty of diagnosis. 

The practical point clear in all events, is that further research is 
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essential. The possibilities of success, providing an efficient self per- 
petuating method of collecting accurate data is established, are great. 
Just what an important part medical men can and should play, in the 
collection of these data will be pointed out later, in the section on 
practical applications. 


V. PRACTICAL APPLICATIONS 
A. THE BIOLOGICAL NATURE OF THE MATERIAL 


A factor to be reckoned with in all experimentation with living 
forms is the genetic nature of the material used. No set of experi- 
ments, whether we are dealing with bacteria, with laboratory mammals, 
or with man, can be properly planned or conducted without a most 
careful consideration of this matter. The biological nature of the 
material is a factor that cannot properly be overlooked. Until the 
relative roles played by the various hereditary factors within the 
stocks or strains used are analyzed, the experimenter cannot be sure 
of the generality of the results which he obtains. Inasmuch as 
generality of application is one of the chief aims of experimental 
medicine as well as of biology, the factors which influence it should 
be continually borne in mind. The importance of such analysis has 
been becoming steadily more obvious during the advances in genetic 
methods and knowledge accomplished in the past decade. Not yet, 
however, have investigators given its consideration the weight that 
it deserves in planning or executing their experimental work. The 
result of this fact has been that much investigation which might have 
proven critical and conclusive has, at the last analysis, lacked the 
fundamental knowledge of the material involved without which it 
has proven inconclusive and of limited application. If, for example, 
we are studying the effects of alcohol on the mental capacity of rats, 
we must, as MacDowell has done, consider the influence of age, 
sex, and race, in order to understand whether there are strains geneti- 
cally more resistant than others to the effects of alcohol inhalation. 
Without this knowledge of the reactions of various strains it would 
be impossible to say how far generalities concerning the effect of 
alcohol were justified on the basis of the actual experimentation per- 
formed. With this knowledge however, it becomes possible not only 
to obtain interesting information as to the genetic differences them- 
selves, but also to obtain valuable indications as to whether or not 
the production of peculiarly resistant or peculiarly susceptible strains 
by selection, would be possible. The analysis of the genetic nature 
of any material can be accomplished in a more or less satisfactory 
way by the various types of experiments outlined in the first part of 
the chapter. All the available methods will undoubtedly leave 
something to be desired, before sufficient progress has been made to 
indicate definitely the relative importance of the individual genetic 
factors, and to develop a method of chemical analysis which yields 
sufficiently definite results to repay its adoption. To the investigator 
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in experimental medicine then, as well as to the biologist, this matter 
of genetic constitution has become a prime necessity. A far more 
general adoption of this viewpoint will undoubtedly be attained in 
the near future and with this will come a more fundamental and 


general value to the experimenal investigation of the problems in 
both these fields. 


B. CONSANGUINITY 


The interest in matings of closely related individuals is of long 
standing in both the fields of biology and medicine. Involving as 
it does all the various degrees of inbreeding, it becomes a matter of 
practical importance to the medical investigator and the practicing 
pediatrician. The effects of close inbreeding on the physical and 
mental traits of the race has for so long been a matter of investigation 
and a grounds for diverse, and at times, contradictory conclusions, 
that a short consideration of the more important conclusions may 
prove valuable. 

The existence of many various and successful types of plants in 
which self fertilization within the individual is the practice, shows 
that in so far as the essentials of normality of growth, form, and 
fertility, are concerned, outcrossing is unnecessary. Similarly, the 
long periods of vegetative reproduction observed by Woodruff, and 
by Erdmann in Paramecium, indicate that in lower animals the poten- 
tialities for normal growth and cell division can persist unimpaired for 
many generations without the introduction of outcrossing. In forms 
in which sexual reproduction is the rule, it has been shown mathemati- 
cally that if brother and sister matings are made for several successive 
generations, the percentage of genetic uniformity technically known 
as homozygosity within the race, is increased rapidly. Such brother 
and sister matings represent the closest type of inbreeding possible 
in mammals, and are therefore, of especial interest to us. If a number 
of single pair matings of such mammals as mice are made, and are 
used as a starting point for a number of series of successive brother 
and sister matings, it will be found that some of the resulting races 
are weak and sickly, often dying out completely after a few genera- 
tions. Other of the races show no marked difference from ordinary 
laboratory stocks, while still others are distinctly superior in size, 
vitality, and fertility, to the ordinary laboratory animals. The 
work of Doctor King at the Wistar Institute has demonstrated the 
establishment of such a superior race of inbred white rats following 
more than 20 successive generations of the closest brother to sister 
inbreeding. 

It might be supposed that because of the various types of results 
obtained we were observing no controlled or orderly processes. Knowl- 
edge, however, of the increasing genetic uniformity of the inbred 
races gives us the key to the explanation of the obtained results. If 
the original pair of animals selected as the foundation of the inbred 
race, contain genetic potentialities either as recessive characters or 
as the result of combinations of factors which lead to weakening and 
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inferiority in growth and vigor, inbreeding will result in perpetuating, 
and indeed in accentuating the appearance of such factors, as compared 
with the conditions found in the control laboratory animals. If the 
animals used as foundation stock have only a small number of such 
factors, balanced by a number of other factors producing normal or 
even superior growth, the inbred race will not be essentially different 
from the control laboratory animals. If, however, the original pair 
selected happen to have superior genetic potentialities, their descen- 
dants will inherit these and by inbreeding their appearance and effects — 
will be increased and accentuated by a process of gradual sorting out. 
Inbreeding then, per se is not a creative constructive process, but is 
rather a method of procedure for producing hereditary uniformity. 
The type of race that will result from continued inbreeding, is deter- 
mined by the nature of the genetic factors carried by the single pair 
of animals used as a starting point for the experiment. 


C. THE VALUE OF THE PRACTITIONER: TO SCIENCE 


If we admit, as seems certain, that the study of human genetics 
will be permanently continued, it is of interest to determine the most 
promising methods of advancing knowledge and of creating intelligent 
interest in this field. At present we find within it a peculiar mixture 
of interests, most of them with little if anything in common, and all 
of them collecting and interpreting data with no sincere attempt at 
codperation. One of the many indications of separate action of this 
sort is found in the various points of approach to eugenics. The 
geneticist considers eugenics to be primarily his problem, but so also 
does the sociologist, the ‘‘sexologist,”’ and the economist. The literal 
derivation of the word “eugenics”? means ‘‘to be well born.” If 
the claims of the four viewpoints given above are considered in this 
light, it is easy to see that each of them will afford its characteristic 
contributions to the subject. Genetics however, which deals with 
the origin of inheritable variations, with the method and results of their 
inheritance, and with the variation and change of the inheritable factors 
involved, should have the dominant position in a proper valuation of 
the various approaches to eugenics. 

Sociologists may better the human race, and aid in being “well 
born” by improving the housing conditions, the community life, the 
sanitary conditions, and the financial opportunities offered. But 
their efforts are continually handicapped by the temporary nature 
of their results which demand a constant organized effort to insure 
their perpetuation. 

Similarly a more complete and intelligent education concerning 
the matters of sex and of venereal disease must undoubtedly result 
in healthier children, fewer abortions and still births, lower infant 
mortality, and an adult population of increased efficiency. Control 
or practical elimination of venereal disease is essentially a permanent 
Improvement in the race. As such it ranks on a par with progress 
resulting from truly genetic improvement. It thus parallels the 


THE VALUE OF THE PRACTITIONER TO SCIENCE 249 


relationship between the transmission of the syphilis organism and 
the processes of true inheritance which we have considered at some 
length. 

Economists may bring about a more satisfactory and dependable 
food supply, and a minimum of social discontent, due to equality of 
economic opportunity, and, by these and other measures, a vastly 
better environment for the human race. All these things tend 
towards improved opportunities for being “well born,’’ but economists 
like sociologists, must be ever watchful against unforeseen changes aris- 
ing from unpredictable and uncontrolled complex relations between 
the minds of men. 

Last of all then, we come to a consideration of the rdle which gene- 
tics must play. Investigators in this field, in spite of unsatisfactory 
and elementary methods of collecting, recording, and analyzing data, 
have made much progress. Though theoretically possible in the 
distant future, there is no advantage at present of considering the 
achievement of direct experimentation in human genetics. Our chief 
opportunity for making more accurate and valuable the science of eugenics 
consists therefore, in improving methods of collecting, recording, and 
analyzing genetic data on human beings. 

The collection of genetic data based on hearsay evidence, or on 
the ordinarily indirect or verbally direct evidence of unskilled or 
prejudiced observers is of no permanent value. Any training of field 
workers consisting of instruction in the details of our present knowledge 
of the genetics of humans, previous to their starting on a problem, will 
never give such a great mass of unprejudiced, intelligent, trained 
observers as will be required to build up the necessarily enormous fund 
of current information concerning the genetic characters of man. 

If one looks about for a group of men and women whose aims in 
life, ideals, and training would tend to fit them preéminently for this 
work, he must eventually turn to the ever growing, ever changing 
thousands of medical practitioners—not only of our country, but 
throughout the civilized world. These men and women are presum- 
ably capable of recognizing and classifying the abnormal, and in con- 
trast, the normal types of human structure and function both physical 
and mental, as is no other group. Whatever their individual beliefs in 
the value of present-day genetics, they should agree willingly and 
actively to codperate in every possible way by collecting and recording 
the bare facts of the form, structure, and physiology, of every human 
being with whom they came into professional contact. This is a 
vast task capable at best of slow achievement but of great and per- — 
manent value in providing a storehouse of information collected by 
- competent and unprejudiced observers, from an immense number of 
human beings of all ages. The eventual value of this gradual and self- 
perpetuating method of collecting data will, after a score or two years, 
become ‘incalculable. If, however, a contribution to biology and ~ 
humanity forty or more years in the future does not appeal strongly 
enough to the present-day medical practitioner as sufficient reason for 
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initiating a great codperative movement in the collection of genetic 
data, he may possibly be convinced of its more zmmedzate value by the 
realization that in this country, and all about us, the really critical 
generations of one of the most interesting and completed problems in 
human racial crossing that the world has ever known, are now being 
formed, and are capable of study, in the certainty of results of 
immediate benefit and permanent value. 

For example, the sex ratios at birth, in matings involving various 
types of racial crossing, is a matter of great human interest, economic 
importance, and scientific value. The records of lying-in hospitals 
of ten or a dozen great cities could, alone, provide a fund of information 
on this point. By a few extra questions to incoming patients, con- 
cerning the ancestry of the child about to be born, and by a study of 
the records already commonly made, of the child at, and after birth, 
it would be possible to determine the relation of various types of racial 
crosses to matings within the race, in respect to the birth weight, birth 
length, rapidity and course of growth, early infant mortality, occur- 
rence of multiple births, occurrence of structural abnormalities, head 
form, resistance to disease, and such problems. The relative value 
of matings between hybrid mothers and fathers of their own sort, 
between hybrid mothers and fathers of one or the other parent 
stock, between hybrid mothers and fathers of other hybrid stock, and 
between each of these categories, and matings within pure stocks can 
be studied in the case histories, as regards abnormality of position 
of the fetus, difficult labor, still births, toxemia, and other abnormalities 
of pregnancy or of parturition. 

Similarly, study of the records of institutions for the mentally defi- 
cient and feeble-minded, might demonstrate characteristic racial 
differences and provide interesting comparisons in relation to hybrids. 
In both primary and secondary schools the attending physicians might 
well be able to obtain information of the greatest value concerning 
speed, accuracy, and specificity of the educability and memory 
manifestations of pupils of different racial ancestry. A serious begin- 
ning on the study of these problems must be made in the not distant 
future. Soon this country will find itself essentially a hybrid popula- 
tion, in which many of the biological elements of which we are now in 
almost complete ignorance, must be understood and reconciled. No 
greater contribution could be made to such an analysis than the utili- 
zation of the opportunity now open to medical practitioners. They, 
by codperation, could build up a system of obtaining and recording 
data in a quantity and of a quality not possible of attainment by any 
other available trained or untrained group of observers. Certain 
medical men have long scoffed at, or considered of negligible value, the 
influence of inheritance. The ever growing public burden of the insti- 
tutions for the feeble minded, the epileptic, the insane, the criminal— 
all of which types are strongly inheritable, is a direct challenge to 
such a viewpoint. Unless the medical profession can show a method 
of checking and diminishing this ever growing mass of socially defective 
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individuals, they will soon be out of touch with, and left behind by 
those scientists and administrators who see clearly before them, in the 
already understood laws of heredity applied to these forms, an assured 
method of decreasing the numbers of deficients, from the moment at 
which society has reached a sufficiently sympathetic viewpoint to allow 
adequate action to be taken. The moment at which society will reach 
this viewpoint will be immeasurably hastened should the medical pro- 
fession adopt with conviction and enthusiasm, the recommendations 
of biologists in these matters, and coéperate with them, in recom- 
mending the adoption of the proposed measures, and in educating a 
general public, with whom they are in the closest contact, concerning 
their value and practicability. 


D. HEREDITY AND ENVIRONMENT 


A consideration of the phenomenon of heredity, no matter how brief, 
cannot properly be concluded without considering the inter-relation 
of heredity and environment. There are really two environments, 
—one of them internal, the other external. The internal envir- 
onment is commonly overlooked because of its hidden nature. It is 
difficult to obtain more than a passing glimpse at the physiological 
processes which together make up the ordered life activities of the 
organism. Occasionally however, lines of experimentation are devel- 
oped which unearth a store-house of information concerning some 
particular phase of physiological activity. In recent years, a study 
of the internal secretions has led to such a development. Experi- 
ments such as those with Sebright bantams, already described, or the 
transplantation work of Steinach and others, show that the hormones 
liberated by the active gonads are forces of the greatest importance 
in the internal environment. We can imagine the tissues in the various 
parts of the body at a period just before sexual maturity is attained, 
to be in the more or less stable equilibrium of a successful working 
system. At puberty with the awakened activity of the gonads, 
however, new substances are liberated into the blood stream, and are 
thus spread throughout the body. 

The old balance is upset, and a new order established. Portions 
of the body, because of the responsiveness of the tissues located there 
to the stimulus of the new secretions, are thrown into a state of great 
activity and growth, while other portions of the system are left inac- 
tive. The internal environment has changed as fundamentally as 
does our external environment when spring becomes summer, To 
consider this internal environment as antagonistic to, or at variance 
with heredity is obviously a mistake. The whole visible manifesta- 
tion of the hereditary characters is to be considered as a series of resting 
stages or end products of certain phases of the internal environment. 
The intimate relations between the genetic factors and the internal 
environment are further shown by the fact that the most promising 
avenue of approach to the germ cells in the hopes of inducing hereditary 
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modifications, is through the medium and with the aid of the internal 
environment. 

The relation between the external environment and inheritance is, 
however, not so clear, and is commonly the cause of the disagreements 
and antagonisms which are perpetually arising between biologists on 
the one hand, and sociologists on the other. Since it isin the human 
race that this difference reaches the maximum, it will be well to face 
the problem squarely on that field, and attempt to point out what must 
be true, namely, that the two points of view are not, and cannot be 
antagonistic unless they are colored with a dogmatism which succeeds 
in creating antagonism by its own force, and narrowness. 

That improved environment would better living conditions and by 
this means affect fundamentally the individual throughout the course 
of his lifetime, is not questioned. There is, and always will be, room for 
humane and charitable effort toward bettering living conditions, until 
by the efforts themselves the cause for their existence is eliminated ;— 
but it must be admitted that their success depends upon three great 
factors. These are, the stability of economic conditions, the con- 
sistency of sociological relationships, and the uniformity of biological 
material. A moment’s consideration will serve to show that all three 
of these factors are and always will be, subject to change. 

Economical conditions are always fluctuating, sociological relation- 
ships are liable at any time to be unexpectedly altered and upset, and 
the biological nature of the material, unless carefully controlled, will 
introduce unexpected and unpredicatable variables. If any such 
changes occur, new methods of procedure to insure proper environ- 
mental control will be necessary. The resulting complications are so 
enormous that the task is endless. 

One generation of social workers can hand over to another an 
apparently improved civilization only to find that an unexpected over- 
turning of sociological relationships occurs, which produces over night 
a series of problems more complicated and more difficult of solution 
than those already faced. The task is endless, and improvement 
through purely environmental agencies alone, can never attain per- 
manent results. The fundamental strength of efforts to improve the 
environment lies in the immediacy of their results and in the 
consequent satisfaction of observing tangible improvements. 

Such efforts are, as has already been stated, admirable. They do 
credit to their authors and to the participants in their accomplishment. 
They do not however, bring about permanent improvements, nor do 
they come as near to doing so as do other methods equally available. 

If, as we have seen, characters acquired by the soma are not im- 
pressed upon the germ cells, we must admit two facts to be true. First, 
the inability of the external environment to produce a permanent in- 
fluence on the hereditary constitution of the individual, and therefore of 
the face; and second, the basic and lasting influence of the hereditary 
materials carried by the germ cells, upon the race. 

We know that the capacities for biological good or evil are present 
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in varying degrees in different individuals. .We know further, that 
these capacities are handed on from one generation to the next with a 
negligible amount of change. It is clear that if it were possible to wake 
up some fine morning and find that the race had, by some miracle, been 
freed from all traces of germ plasms that carried defects of mind or 
body, we should face the future of ourselves and of our children with a 
light heart. We should know that the improvement was permanent, and 
and that the race was clear once and for all of the drag of defective 
inheritance. . 

Of course we shall not have any such experience, but the thought of 
it does, nevertheless, bring out forcibly the soundness of the principle 
involved. Permanent racial improvement will come in so far as the 
germ plasm is improved—and no farther. By segregation or steriliza- 
tion of defectives and criminals, and possibly later, by identifying 
and controlling those who carry as recessives, hereditary defects of 
certain sorts, we shall be making a start upon the right road. By 
investigating in infants, children, and adults, the psychological and 
physiological effects of racial crossing, we can do much to facilitate the 
adoption of intelligent policies towards immigration and the ‘‘ Ameri- 
canization”’ of our hybrid population. By educating our medical men 
in the methods of genetics, we can found and build up a great codpera- 
tive school of trained workers who can observe and record the varia- 
tions and inheritance behavior of an enormous number of human 
beings. 
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CHAPTER III 
A SUMMARY OF THE ANATOMY OF THE INFANT AND CHILD 


By Ricuarp E. Scammon, Ph. D., 
Minneapouis, Minn. 


INTRODUCTORY NOTE 


The study of the anatomy of childhood is not a new one. The 
first work on this subject was written over 400 years ago and upwards 
of 300 theses, separate articles, and books were published prior to the 
nineteenth century. In recent years, the use of modern microscopical 
technique and the Roentgen-ray, and the introduction of the newer 
methods of statistical inquiry have greatly widened the field and 
enriched the literature. In 1913 alone there appeared over 300 
articles dealing with the anatomy and physical development of the 
child; and a complete bibliography of the subject to date would prob- 
. ably contain between 5,000 and 6,000 titles. 

The existence of this mass of literature should not lead one to the 
conclusion that the subject is now a closed one. On the contrary, 
probably no other branch of human morphology is so incompletely 
known. Most of the work has been done by students in widely separ- 
ated fields—in human anatomy proper, pediatrics, anthropology, 
obstetrics, and legal medicine; and as there has been no central organ 
to correlate these investigations, we find frequent duplications of 
studies on the one hand and entire neglect of many phases of the sub- 
ject on the other. These conditions make the production of even a 
moderately complete outline of the subject particularly difficult. 

In order to cover the field as adequately as possible in a limited 
space the following general plan has been pursued. 

The subject is presented from the systematic standpoint, but an 
effort has been made to cover the topography of the more important 
regions by means of a considerable number of illustrations which are 
cross-indexed under the various special headings. 

Pre-natal development is considered only when necessary to make 
clear post-natal changes. 

No details are given regarding structures which are practically the » 
same in childhood and maturity since this information is easily avail- 
able in better form elsewhere. Certain special subjects, such as the 
brain, the organs of special sense, the teeth, and the nasal sinuses, have 
necessarily received brief treatment; but references to more complete 
presentations are included in the text. ; 

As many of the changes of the body during the period of post- 
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natal development are best expressed numerically I have made fre- 
quent use of tables. These are generally based upon data collected 
from the literature, and on personal observations. . 

Finally, I have tried to point out some of the phases of the subject 
where our information is inadequate or our data conflicting. 

An outline of this sort must be a mixture of the common knowledge 
of the subject, of personal observations, and of the conclusions of 
many other investigators. The last I have tried to acknowledge, in 
as far as space permitted, in the bibliography, but in common with all 
students of this field, I am particularly indebted to the works of Bal- 
lantyne, Symington and Gundobin. 


THE SKELETON 


GENERAL REMARKS 


As is well known the process of ossification begins in a number of 
discrete foci which are known as centers of ossification. These centers 
may appear either in membrane or in cartilage; in man by far the larger 
are formed in cartilage. The formation of ossification centers extends 
over a considerable period in the life of the individual. The first to 
appear (that of the shaft of the clavicle) is found in embryos of the 
sixth week while some associated with the vertebral column are not . 
formed until near the end of the second decade of post-natal life. In 
all, something over 800 ossification centers are formed in the human 
body and of these slightly more than half appear after birth. 

Almost all bones of the adult are formed from two or more centers 
of ossification; the relation of the total number of bones in the mature 
skeleton to the total number of centers being approximately as one is 
to four. The ossification centers of all bones of the body, with the 
exception of those of the carpus, tarsus, skull and sternum, may be 
divided into two general classes, the primary and the secondary. The 
primary centers, which form the greater part of the bone, almost 
always appear before birth. Such centers, when located in long bones 
are known as diaphyses. The secondary centers or epiphyses are, 
with one or two exceptions, formed during post-natal life. A further 
consideration of the nature of diaphyses and epiphyses will be found in 
the section dealing with development of the bones of the extremities. 

As the formation of new centers and the fusion of older ones pro- 
ceed at unequal rates during the first two decades, the number of separ- 
ate bone-masses in the body varies from year to year during this period. 
Table 1 is a numerical summary showing some of these changes. As 
will be seen from this table the number of bones in the average full- 
term newborn child is 270. This number is somewhat reduced in 
the first two or three years of life through the fusion of primary centers 
which were present before birth. From this time until puberty, 
however, the number increases steadily through the formation of 
epiphyses and the ossification of the tarsus and carpus. In the four- 
teenth year there are about 350 separate bony masses in the body. 
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- Tasue 1.—ApproximMatns NuMBER OF OssIFICATION CENTERS AND SEPARATE 
Bones in THE Human SxketeTon at DirrerEenr AGES 


(Sesamoid bones omitted with the exception of the patellz) 


Skull including : 
eudiecesvoalt ae Ribs Upper Lower | Total (paired 
cles ind: hyeedl ral and extre- extre- | bones counted 
hone column | sternum mity mity as two) 
Total number of centers Circa Circa Circa Circa Circa Circa 
POTION ahs cara'e faiths ays ayorn is 120 295 101 140 140 806 
Number of centers appear- Circa Circa 
me after birth:<...: 7... 9 197 73 82 88 443 
Number of separate bones 
PERE Seats ae iG 6.0: «ys 45 93 34 48 50 270 
Number of separate bones Circa Circa Circa Circa Circa Circa 
in fourteenth year....... 33 33 29 124 136 356 
Number of separate bones : 
WG MOREITIEY o5 Soca coca as < 29 26 25 64 62 206 


After puberty the number of bones is again decreased rapidly until 
nearly the middle of the third decade and then much more slowly. 
Often it is not until late middle life that the number of bones is reduced 
to the quota of 206 generally accepted as the normal number in the 
human body excluding the smaller sesamoids. 

There are great differences in the rates of bone formation in the 
different parts of the skeleton. In the skull, where the bones have no 
epiphyses, there is a steady reduction in the number of bones from 
birth to maturity. The spine shows a reduction in the number of bony 
elements during childhood due to the fusion of the primary centers of 
the vertebre; but from puberty to 20 years there is a marked increase 
through the formation of epiphyses. Following the twentieth year 
the number again decreases, rapidly at first, through the fusion of 
epiphyses and primary centers and later more slowly as the segments 
of the sacrum and coccyx join one another. The number of separate 
bones in the thorax remains constant during childhood, is greatly 
increased by the formation of the epiphyses of the ribs after puberty, 
and is reduced after the twentieth year by the union of these epiphyses 
with their shafts and by the coalescence of the segments of the sternum. 
. The number of separate bones of the skeleton of the extremities increases 

threefold between birth and puberty through the ossification of the 
tarsus and carpus and the formation of the epiphyses. After puberty, 
as the epiphyses unite with their respective shafts, the number of bones 
is reduced to practically that of the newborn appendicular skeleton 
plus the number of tarsal and carpal bones. 

Together, the bony and cartilaginous skeleton form from 15 to 
20 per cent. of the total body weight at birth. Its post-natal growth 
proceeds parri passu with that of the body as a whole and, so far as our 
rather meagre statistics show, the proportions between the skeleton and 
body-weight which exist at birth remain practically unchanged during 
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childhood and maturity. The absolute post-natal increase in the 
weight of the skeleton, like that of the body as a whole, is roughly 


_twenty-fold. 


Fria. 84.—A semi-diagrammatie outline 
. of the skeleton of the full-t - 
born as seen with the roentgen-ray. The ossification centers of the pitcinle tie 


omitted. (Slightly modified from Hess.29) 
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FINER STRUCTURE OF THE BONES IN CHILDHOOD 


As the histology of bone development is described in almost every 
modern anatomical text the present section is limited to a summary of 
the finer structure of fully formed osseous tissue in childhood. 

The bones of the infant are much more spongy in structure than 
those of the adult. This sponginess or porosity has recently been 
studied quantitatively by Toppich *7 who found that nearly 60 per 
cent. of the bulk of the bony skeleton of the newborn was made up of 
material other than osseous tissue. With the exception of the vertebral 
column, all the divisions of the skeleton show a reduction in porosity 
during childhood. In the vertebral column the porosity increases from 
about 61 per cent.in the newborn to 75 per cent. in the mature 
skeleton. 

The histologic picture presented by sections of the long bones of 
young infants is quite different from that seen in the adult. In the 
former the bone has a reticular rather than a lamellar arrangement and 
often no sharp distinction can be drawn between the spongy and com- 
pact portions. The Haversian canals are numerous and relatively 
large, and tend to run in circles concentric with the periphery of the 
bone rather than parallel to its long axis. There are many anastomotic 
canals which connect the Haversian canals with one another and with 
the internal and external surfaces of the bone. The number of lamelle 
surrounding each Haversian canal, as well as the number of periosteal 
lamelle, is less in the infant than in the adult. The fibers of Sharpey 
on the other hand are more numerous and larger in the infant. The 
bone corpuscles also are said to be larger in early life. 

Bone growth takes place very rapidly in infancy and by the age of 
two years most of the peculiar characteristics of the long bones of 
sucklings are lost. According to Gundobin,’ however, it is not until 
the age of 12 that the structure of the long bones becomes identical 
with that of the adult. 

In infancy the flat bones of the skull differ considerably in their 
various parts. At the time of birth the inner and outer tables can be 
easily recognized in the region of the eminences, where they are sepa- 
rated by a narrow marrow cavity. As in later life the outer table is 
thicker than the inner. Along the growing margins of the bones, how- 
ever, the structure is still reticular and remains so for some time after 
birth. Haversian canals are present in the older parts of the calvarial 
bones at the time of birth. ) 

The periosteum is from one-third to one-half as thick in the newborn 
as in the adult (Schulz).®> During early childhood, at least, there is a 
definite inner osteogenic layer rich in osteoblasts and containing few 
connective tissue fibers. The osteoblasts are so numerous in the inner 
layer of the periosteum of the long bones at birth that they have almost 
an epithelial arrangement. By the end of the twentieth year the 
osteoblastic layer is greatly reduced or completely fused with the 
middle or fibro-elastic layer of the periosteum. . 
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THE SKULL 


The skull at birth (Figs. 84, 85, 86, 87, 180).—The most striking 
characteristic of the skull of the newborn child is the preponderance of 
the neural or calvarial portion over the facial. The relation between 
the two at birth is as 8:1 as compared to the ratio of 2.5:1 in the adult 
female and 2:1 in the adult male. The calvarium is also much larger in 
proportion to the base of the cranium than in adult life. T he bones of 
the cranial vault are quite thin and are separated by narrow strips of 
tough membrane. At the angles of the parietal bones these membran- 
ous strips become continuous with the fontanelles. These structures 
are described in a following section. Each parietal bone and each half 
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Fig. 85.—A series of median longitudinal sections of skulls illustrating t 
relative growth of the cranium and facial skeleton from birth to eakai i 


specimens one-half natural size. (Slightl dified f 
Anthropol., I, 1866.) (Slightly modified from Welckler, Arch. f. 


of the divided frontal bone presents, near its center, a rounded eminence. 
These elevations mark the approximate position of former ossification 
centers. When viewed from above, the frontal and parietal eminences 
together with the less noticeable projection of the occipital bone give 
the skull an elongated pentagonal outline. : 

The width of the face is relatively less in proportion to the cranium 
than in the adult but in comparison to its height it is twice as broad as 
in maturity. The upper portion of the face is much more completely 
developed than the lower. The orbits are large and rounded with 
sharp margins. The nasal aperture is large, broad, and rounded and 
the inferior nasal spine is well marked. The upper and lower jaws are 
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broad and very low. They present aseri i i 
contain the dental sacs of the ihe oS aaamamalang SIS 
The base of the skull is small compared to thé vault which extends 
beyond it laterally and posteriorly. Its surface is without marked 
elevations. The hard palate is short and broad and the choane are 
almost circular. Both the lateral and medial lamina of the pterygoid 
‘process are plate-like and extend forward and outward at an acute 


A B 
_ Fic. 86.—A diagram illustrating the post-natal changes in the proportionate 
height of the cranium and face. A, adult skull; B, skull of a newborn child. 
The two specimens are drawn so that the facial heights (from nasion to pogonion) 
are equal. (After Holl.%°) 


angle with the base of the.sphenoid bone. There are no true bony 
auditory meati at this time but the ear drums with their surrounding 
tympanic rings form prominent features of the base of the skull. The 
foramen magnum is relatively larger in the newborn than in later life 
and is placed more anteriorly in the base of the skull. In the infant the 
anterior margin of the foramen magnum lies at a distinctly higher 
level than the posterior while in the adult the plane of the foramen is 
almost horizontal. The condyles are not raised above the general 
surface of the occipital bone and are quite flat both anteroposteriorly 
and from side to side. Asa result, movement at the occipitoatalantoid 
joint is quite limited in infancy and most movements of the head are 
brought about through the mobility of the cervical intervertebral 
joints. 

The Post-natal Development of the Skull (Figs. 85, 86, 87, 181, 
186).—The skull as a whole grows relatively less in post-natal life than 
the other divisions of the skeleton. Between birth and maturity the 
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neural portion increases four or five times and the facial part about 
12 times in volume. During the same period the cranial capacity 
increases about three and one-half times (from about 400 CC. to 
1300 to 1500 c.c.) and the horizontal circumference approximately 
50 per cent. (circa 35 cm. to 50 to 55 cm.). Most of this growth takes 


Fie. 87.—A diagram illustrating the post-natal changes in the breadth of the 
facial skeleton and the cranium. A, adult skull; B, skull of a newborn child. 
The two specimens are drawn so that the facial breadths (bimalar diameters) are 
equal. (After Holl.3°) 


place in the first two years of life. The development of the skull is 
intimately associated with the growth of the other structures of the 
head, particularly with that of the brain and eye-balls, the teeth, and 
certain of the larger muscles. These structures affect the growth of 
the skull at quite different periods; the brain and eye-balls mainly 
during the rapid growth of early infancy, the teeth mainly during the 
period of establishment of the permanent dentation and the muscles 
mainly in later childhood and after puberty, 
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The methods of Roentgenography have not been applied success- 
fully as yet to the study of post-natal skull development. All of our 
knowledge of the subject is based either upon measurements of the 
head in the living or on the examination of prepared skulls. The latter 
are often warped in drying and may be of uncertain history. Conse- 
quently any description of the process can be regarded merely as an 
outline subject to revision as more data are collected by modern 
methods. Following Merkel,‘! three general periods can be recognized 
in the post-natal development of the skull. The first period, in which 
the. skull grows rapidly, is from birth to about seven years. The 
second, a period of slow growth, is from seven years to 10 or 12 years. 
The third, in which the rate of growth again increases somewhat, 
extends from 10 or 12 years to about 19 in the female and a little later 
in the male. During early infancy all parts of the skull grow rapidly. 
The cranial capacity increases from about 400 c.c. in the newborn to 
700 c.c. at six months, 900 c.c. at 12 months, and about 950 c.c. at 
18 months. The horizontal circumference increases in the same period 
from about 35 cm. at birth to about 47 cm. at 18 months. The growth 
of the occipital portion of the vault is more rapid than that of the 
frontal and parietal portions. During this period the facial skeleton 
grows even more than the cranium so that the relation between the 
two of 1:8 at birth is redueed to 1:6 in the course of the second year. 
This growth of the face is due in part to the increase in the size of the 
orbits, which accomplish over half of their post-natal growth in the 
first two years of life, and in part to the expansion of the maxille. 
After 18 or 20 months the growth of the skull, although continued, is 
less rapid. The cranium continues to expand, the vault growing more 
rapidly than the base up to seven years. The facial skeleton continues 
to grow more rapidly than the cranium and by five years the relation 
between the two isas 1:5. Most of the growth of the facial skeleton is 
in the lower part of the face and is due to the lateral expansion of the. 
hard palate and the development of the maxillary sinus. By the end 
of the seventh year many parts of the skull, such as the body of the 
sphenoid bone, the cribriform. plate of the ethmoid bone, and the 
petrous portion of the temporal bone have attained their final size; 
while other parts, such as the orbits, have almost reached adult dimen- 
sions. From 7 to 10 years the skull grows but little, aside from the 
lengthening of the face which accompanies the establishment of the 
permanent dentation. From 10 or 12 years to the end of the second 
decade growth again becomes more rapid. The cranium grows slightly 
in all directions through the increase in thickness of the bones forming 
it; and more strikingly anteriorly through the further development of 
the nasal skeleton and the growth of the upper and lower dental arches. 
The eminences of the cranium are lost, entirely or in part, and the 
various muscular ridges become prominent. As a rule these changes 
of the third period of skull development are less extensive in the female 
than in the male skull. 

The Fontanelles (Figs. 84, 88, 89, 90).—The fontanelles are mem- 
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branous plates which at birth and for a variable period thereafter 
bridge the gaps occurring between the angles or margins of certain 
bones of the cranium. In structure they consist of three layers of 
membrane; an outer which is continuous with the pericranium, an 
internal which is continuous with the endocranium, and a middle 
which is composed of a highly vascularized connective tissue which is 
later replaced by the ingrowth of bone. ; 

Six fontanelles are normally present at birth. Two of these are 
single and median in position. These are the frontal or great fontan- 
elle, which occupies a diamond shaped space between the two parietal 
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_ Fia. 88.—A diagram showing the form and position of the constant and pri 
cipal accessory fontanelles at birth. The constant fontanelles are sited 3h Fase 
lines; the accessory fontanelles are shaded in stipple. 


bones, and the two (separated) halves of the frontal; and the occipital 
or lesser fontanelle which lies between the posterior median angles of 
the parietals and the upper angle of the occipital bone. The lateral 
fontanelles consist of two pairs. The anterior, stephanal, or sphenoid 
fontanelle is generally bounded by the squamous portion of the 
temporal bone, the greater wing of the sphenoid bone, the sphenoid 
angle of the parietal bone, and the lateral and posterior angle of the 
frontal bone. The posterior, lateral, or mastoid fontanelle lies between 
the mastoid angle of the parietal bone, the mastoid and squamosal 


THE SKULL 267 


portions of the temporal, and the supra-occipital portion of the occip- 
ital bone. The mastoid fontanelles are often shaped like an inverted L 
with the horizontal limb of the L extending forward over the superior 
margin of the temporal bone and the vertical one directed downward 


medially to come in contact with the basi-occipital portion of the 
occipital bone. 


Oo 3 6 9 2a 18 21 24months 


Fria. 89.—A curve showing the average percentage of open frontal fontanelles, 
as determined by palpation, in each trimester from birth to two years. (Based 
upon the data presented in table 2. Total number of cases, 945.) 


Besides these constant fontanelles numerous accessory ones occur 
occasionally in various parts of the cranium. Frasseto?® has listed 
nearly 20 of these structures but only a few are at all common or liable 
to be of practical importance. All of the more important accessory 
fontanelles are located along the sagittal suture. The glabellar fon- 
tanelle is a very unusual one located between the two halves of the 
frontal bone above and the two nasal bones below. When of any size 
it is commonly associated with other serious anomalies of the nasal 
skeleton. The metopic fontanelle is located just above the glabellar 
in the metopic suture which separates the two halves of the frontal 
bone and is found in about one skull in six of children under one year 
of age. As a rule it is an insignificant cleft but it may acquire some 
size when present in cases of hydrocephalus. It is sometimes confluent 
with the frontal fontanelle and is regarded by Schultz® as as anterior 
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extension of this structure. The sagittal fontanelle lies between the 
medial margins of the two parietal bones in a line drawn between the 
two parietal eminences. It is diamond shaped or triangular in out- 
line and is palpable in about 5 per cent. of all newborn children. The 
cerebellar fontanelle is a small gap in the upper margin of the foramen 
magnum caused by the failure of development of a small ossicle which 
generally forms a part of the occipital bone in this region. A cere- 
bellar hernia may protrude through this space when it is of unusual 
size. Figure 88 is a diagram of the calvarium as seen from above and 
indicates the position of all the normal and the more common accessory 
fontaneiles. ' 

It is only within recent years that the post-natal involution of 


Frontal Fontanelle 


Fig. 90.—Frontal section of the frontal fontanelle, sagittal sinus and adjacent 
structures in a full-term newborn child. 


the fontanelles has been carefully studied. The older writers (Elsdsser, 
Roger and Friedleben) were of the opinion that the greater fontanelle 
increased in size for several months after birth, an opinion still to be 
found in some of our texts today. This conclusion however was based 
upon studies of children of whom some were premature or rachitic. 
All modern studies show that, with the exception of prematures, the 
frontal fontanelle, beginning some weeks after birth, undergoes a 
regular course of involution. Some statistics of this process are shown 
in Table 2, and Fig. 89 is a graphic representation of a part of these data. 
The average diameter of the fontanelle in a full-term newborn, as 
determined by Elsiisser’s method* is approximately one inch (25 mm.) 
being a little greater in boys than in girls. The surface area is approxi- 
mately 3.75 square cm. although it is difficult to determine it exactly 
at this time because of the continuity of the fontanicular space with the 
gaping coronal and sagittal sutures. The reduction of this area goes 


zs Elsiisser’s diameter.—The average of the two oblique diameters taken from 
the middle of the fontanicular margin of one frontal bone to the middle of the 
fontanicular margin of the parietal bone of the opposite side. 
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on steadily in normal children although at widely varying rates in 
different individuals and apparently more rapidly in girls than in boys. 
As will be seen from the table, approximately 1 per cent. of apparently 
normal children show complete obliteration of the great fontanellein the 
third trimester of post-natal life and 4.5 per cent. in the fourth trimester. 
From the beginning of the second year the rate of obliteration increases 
rapidly and by the end of the second year the fontanelle is obliterated, 
so far as can be determined by palpation, in over 90 per cent. of all 
normal cases. As the material upon which these averages are based 
was obtained to some extent from the poorer classes of the larger 
European cities it is probable that the percentages of obliteration are 
all somewhat low for the better nourished and more rapidly growing 
American children. 


. 


TaBLe 2.—TuHE Post-naTau INVOLUTION oF THE FRONTAL FONTANELLE (BASED 
ON THE Dara or Roger, Kassowrrz, Conn, Roupr AnD NIKIFOROFF) 


Average Average 
Average 3 | ; 
; area (in area (in Percentage 
diameter (in E : 
Age : square centi- | square centi- | of fontanelles 
centimeters 
oh, ) meters, meters, closed 
| at as ei males) | females) 
Oto 4rS-months.. ..'. 222 | 2G 3.70 3.65 0.0 
3 te 6 months... .)icr} 2.4 3.03 2.92 0.3 
6+o- 9 months......... 2ah 2.43 2.60 1.1 
Oiiowb2Z months ».).).6. 4-5: | 1.8 1.55 1.45 4.5 
biter Samonths. & 1. -,. 1.2 T20) ie 18.6 
Ti epOeLSetmOntOs. ct .-.-i) 0.55 1.08 0.97 46.2 
18 to 21 months........| 0.31 53.5 
21.40): 24. MONUUS.....,.,- - 0 O08 | 80. 0 


Our data regarding the involution of the other fontanelles are much 
less extensive and, except for the sagittal fontanelle, are based upon 
observations on dried skulls. The sagittal fontanelle generally closes 
in the first three months of post-natal life although it may, in excep- 
tional instances, remain open until the eighth month. The time of 
obliteration of the metopic fontanelle is variable but it is always com- 
pleted by the end of the first year. The occipital fontanelle is already 
obliterated in nearly a third of all full-term newborn children and the 
process :is usually completed by three months after birth. The 
sphenoidal fontanelle closes in the first six months of post-natal life. 
The mastoid fontanelle is generally open until the end of the first year 
but is always closed by 18 months. There are no data of value on the 
time of obliteration of the glabellar and cerebellar fontanelles. 

The obliteration of the fontanelles is generally brought about by 
the progressive ingrowth of the edges of the membranous bones which 
bound them. Occasionally, however, separate ossific centers may arise 
in the fontanellar membranes and form distinct bones which occupy 
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all or a part of the original fontanellar space. In these cases the 
obliteration of the fontanelle may be considerably hastened. 

The Post-natal Development of Certain Cranial Bones.—Certain 
of the bones of the child’s skull differ sufficiently from those of the 
adult to warrant brief individual descriptions. 

The frontal consists of two lateral halves which are separated by a 
median (metopic) suture. These two masses generally begin to unite 
in the second year and their fusion is generally completed between the 
sixth and eighth years, although sometimes much later. The suture 
remains throughout life in about 8 per cent. of European skulls. The 
frontal eminences are well marked in early life while the superciliary 
arches and frontal spine are practically lacking. 

The sphenoid, at birth, consists of three separate parts; a middle 
portion which represents the body, the lesser wings, and the lingule; 
and a pair of lateral masses representing the greater wings and the 
pterygoid processes. In about 1 newborn skull in 20, the body of the 
sphenoid is pierced by a small canal which extends downward from the 
floor of the hypophyseal fossa. This canal ordinarily contains only 
a small amount of connective tissue and a few small vessels, but in rare 
cases small nodules of hypophyseal tissue may be lodged within it. 
The body of the sphenoid is composed of spongy bone at the time of 
birth and for several years thereafter, for the sphenoidal sinus, as a 
rule, does not actively invade the bone in early infancy. The body and 
lateral masses of the sphenoid unite in the first year. 

The occipital at birth consists of four bony masses: the supra- 
occipital, two lateral occipitals, and the basioccipital. These are 
arranged in a ring around the foramen magnum and are united by 
cartilage. The cartilage between the lateral occipitals and the supra- 
occipital has some flexibility at the time of birth and from its supposed 
movement during labor, is sometimes termed the obstetric joint. The 
upper and thinner part of the supraoccipital is often partially separated 
from the lower portion by a suture, the sutura mendosa. The supra- 
occipital and lateral occipitals usually begin to fuse in the second year. 
The lateral occipitals generally unite with the basioccipital in the 
third or fourth year. The fusion of all these elements may be delayed 
until the seventh year or even later. Ossific union between the basi- 
occipital and the body of the sphenoid begins, as a rule, shortly after 
puberty and is completed early in the third decade. 

Only the lateral masses of the ethmoid are formed in bone at birth. 
The remainder of the bone is still cartilaginous. The perpendicular 
plate ossifies in the first year, the cribriform plate in the second and the 
crista galli between the second and fourth. These three elements 
unite as they ossify and join with the lateral masses in the sixth year. 

The mandible of the newborn consists of lateral bony halves which 
are united at the symphysis by a mass of cartilage. Within this 
cartilage are several bony particles known as the mental ossicles. 
The lateral halves of the bone unite in the latter part of the first or 
the early part of the second year. The mental ossicles usually begin 
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to join the main bone in the first year and 
with it by the end of the third a hee iis. eta 
The body of the mandible is relatively large at birth and its upper 
two-thirds is occupied by the crypts of the deciduous and certain of the 
permanent teeth. The rami are short and broad and are set at an 
angle of about 140° to the body. 
There are several different concepts of the method of growth of the 
lower jaw and the inferior dental arch. The most generally accepted 
one, which is outlined here, was first developed by John Hunter and 


\) | y. 


rd Ps 
\\ i 
p= 
u 
~ 7 
\ 
y, 


Fig. 91.—A diagram illustrating the post-natal growth of the mandible. The 
smaller shaded specimen is the jaw of a nine months fetus; the larger specimen, 

- drawn in outline, is the jaw of an adult. The specimens are drawn to the same 
scale and are superimposed. (After Tomes, Dental Anatomy, 1898.) 


was subsequently elaborated by Tomes (the elder), Humphry, and 
others. According to this view, the growth of the mandible in length, 
i.e., in the anteroposterior dimension, is brought about mainly by the 
apposition of bone along the hinder margin of the ramus. As bone is 
deposited at this point it is resorbed along the anterior margin of the 
ramus and the position of this structure is thus shifted backward and 
outward. At birth the anterior margin of the ramus lies at the level 
of the first permanent premolar and the germs of the permanent molars 
are embedded in the base of the coronoid process. With the resorp- 
tion of the anterior margin of the ramus, these tooth-germs are uncoy- 
ered and the posterior part of the dental arch is established. As the 
ramus is built up posteriorly, its form is gradually remolded and the 
angle between it and the body is reduced from about 140° at birth to 
about 130° at the end of the first period of childhood and about 120° 
in the adult. A smaller part of the length-increase of the lower jaw 
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takes place anteriorly through the addition of bone on the labial sur- 
faces of the mandible and the formation of the alveolar processes. 

The post-natal growth of the ramus in height takes place mainly 
through the addition of new bone along its superior border. The 
vertical increase in the body is due in part to formation of the alveolar 
borders and in part to the growth of its basal portion. The alveolar 
borders are formed as the deciduous teeth are erupted. When these 
teeth are shed their alveolar borders are absorbed and new borders are 
built up around the permanent teeth. The base of the jaw, 1.e., that 
portion lying below the level of the mental foramen, grows even more, 
relatively, than does the alveolar margin. This growth is due mainly 
to the addition of bone along the inferior margin; it takes place through- 
out infancy and childhood. ., 
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Fra. 92.—A series of sections illustrating the growth in thickness and height of 
the body of the mandible; the change in position of the inferior alveolar (dental) 
canal; and. the formation of the alveolar margins. A, five months fetus; B, child 
‘at term; C, child of three years; D, adult. The sections are all taken at the level 
of the second deciduous molar. (After Vallois et Bennejeant.!*) 


In early infancy there is some increase in the transverse diameter 
of the lower jaw through the formation of bone at the symphysis. 
However the greater part of the post-natal increase in this diameter 
is brought about through the deposit on the outer surfaces of the 
mandible and by the lateral as well as posterior growth of the rami. 

The maxilla of the newborn is extremely low and broad and the 
frontal process is relatively larger than in the adult. The alveolar 
border contains five large fossee for the deciduous teeth. A fissure, 
the sutura notha, extends across the palatine process from the incisive 
foramen to the plate of bone separating the fosse of the lateral 
incisor and the deciduous canine tooth. This marks the boundary 
between the maxilla proper and the premaxillary bone. The infra 
orbital canal communicates freely with the orbit above. The maxil- 
lary sinus (antrum of Highmore) is represented by a long narrow recess 
on the medial side of the bone. 
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The post-natal growth of the maxilla is illustrated by the diagram 
shown in Fig. 93. The increase in the vertical diameter of the bone 
is due mainly to the expansion of the maxillary sinus and the develop- 
ment of the alveolar margins. Most of the growth in length comes 
about through the deposition of bone at the posterior end of the max- 
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Fie. 93.—A diagram illustrating the post-natal changes in the form of the 
maxilla and the growth of the superior dental arch. The broken line represents 
the outline of the maxilla at birth. The adult bone is drawn in solid line. The 
permanent molars are represented in stipple. ¢., Deciduous canine; i.—i’, deciduous 
incisors; m.—m’, deciduous molars; M:-M3, permanent molars; s., maxillary sinus 
at birth; s’, maxillary sinus at maturity. (After Keith, Human Morphology and 
Embryology, 3rd ed., London.) ; 


ila. As the maxillary sinus invades this part of the bone the perma- 
nent molars are carried downward and backward and the posterior 
part of the upper dental arch is established. 


THE FREE VERTEBRAL COLUMN (Fig. 94) 


The vertebral column may be divided into the free portion consist- 
ing of the cervical, thoracic, and lumbar vertebre, which will be con- 
sidered in this section; and the sacrum and coccyx which can best 
be described in connection with the pelvis. 

The average length of the free vertebral column in the full-term 
newborn child is 19 or 20cm. It is equal to approximately 40 per cent. 
of the total body-length. During the first two years of life it grows 
rapidly, increasing to about 45 cm, Thereafter the relative rate of 
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growth becomes much slower, the vertebral column attaining a length 
of about 50 cm. at the time of puberty and its final length of from 60 to 
75 cm. about the twenty-second year in females and the twenty-fourth 
year in males. 


Fra. 94.—Median sections of the vertebral column at different ages illustrating 
the development of the normal spinal curvatures. A, newborn; B, male of six 
years; C, female of 13 years; D, adult male. All specimens drawn to the same 
size (from the axis to the top of the coccyx). The lumbar and cervical vertebra 
are represented in solid black. (After Cunningham.?9) 


The post-natal lineal growth of the column in childhood is due 
mainly to an increase in the size of the primary centers of the bodies of 
the vertebre; the lineal increase after puberty is brought about mainly 
by the formation and growth of the epiphyses of the vertebral bodies. 

The relation that the various segments (cervical, thoracic and lum- 
bar) of the free vertebral column bear to the whole, differs somewhat 
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in the infant and the adult. In the newborn the cervical part forms 
approximately one-fourth, the thoracic part one-half and the lumbar 
part. one-fourth of the entire free spine. In the adult the thoracie 
portion continues to form approximately one-half of the total free 
spine but the lumbar portion is increased to nearly one-third and the 
cervical portion reduced to one-fifth or one-sixth of the whole. Thus 
the short thick neck of the infant is due to the abundance of adipose 
tissue in this region and not to its skeleton which is, in fact, relatively 
longer than in the adult. The time at which these relational changes 
take place seems to be quite variable but the process of shifting from 
os ‘ov eae to the adult relations is most rapid in the first three years 
of life. 

The development of the cervical and lumbar curves of the spine is 
a post-natal process. In the newborn child, resting on its back, the 
spine forms a single gentle curve extending from the first cervical to 
the last lumbar vertebra, with its concavity directed anteriorly. 
The vertebral column at this time is still so plastic that if it is dissected 
free of the body it may easily be bent into a ring with the axis and the 
last lumbar vertebra in contact (Dwight and Rotch*). A cervical 
curve appears when the infant begins to lift its head but neither at 
this time nor later does it become a fixed one. The lumbar curve 
appears at the end of the first or beginning of the second year as the 
child begins to walk. It forms very slowly and throughout childhood 
and adolescence it may be effaced by stretching the spine. The forma- 
tion of the cervical and lumbar curves is due primarily to muscular 
action associated with the elevation of the head and the assumption 
of the erect posture. Later the lumbar curve is fixed, in a measure, 
by the anterior thickening of the third, fourth, and fifth lumbar 
vertebre and the intervertebral discs separating them. While this 
process begins in childhood it proceeds very slowly until maturity. 

At the time of birth each typical vertebra consists of a bony body 
and two neural arches orlamina. These three separate osseous masses 
are connected with one another by hyaline cartilage, and a film of 
the same material covers the inferior and superior surface of the body. 
The two lateral masses representing the vertebral arch fuse in the 
medial line in the first year of life. This process begins in the verte- 
bre of the lumbar region and proceeds cranially. The fusion between 
the arches and the vertebral bodies begins in the fourth year and is 
generally completed by the end of the sixth. It starts with the cervi- 
cal vertebre and proceeds caudally. The epiphyses of the vertebrae 
appear after puberty. In the seventeenth year or later epiphyseal 
centers are formed in the cartilages of the transverse and spinous pro- 
cesses and on the superior and inferior surfaces of the vertebral bodies. 
A separate series of centers are also formed for the mammillary pro- 
cesses of the lumbar vertebre. All of these epiphyses commonly join 
with the main mass of the vertebra between the twentieth and twenty- 
fifth year. The reader will find the regional modifications of the pro- 
cess of vertebral ossification described in detail by Poirier and Charpy 
(Traité d’Anatomie Humaine, T. I.) and by Bardeen. !8 
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The atlas of the newborn consists of two osseous masses which repre- 
sent the posterior arches and the lateral masses of the fully formed 
bone. These are united in front by a rounded bar of cartilage and 
behind by a thin plate of the same material. During the first year or 
two, centers appear in the anterior arch. The two posterior masses 
fuse with the anterior one in the third or fourth year; they join with 
one another across the posterior median line between the fifth and 
ninth years. 

The axis or epistropheus at birth consists of two median bony 
masses; one in the body, and one in the odontoid process or dens; and 
of two lateral ones representing the vertebral arch. The lateral 
halves of the arch join across the posterior median line in the first 
year and the arch, dens, and body fuse into a single bone between the 
third and sixth years. A cranial epiphysis for the dens appears in the 
second year and a caudal one for the body in the seventh. The former 
joins the bone in the twelfth, the latter in the twentieth year. 

The bodies of all the ‘‘typical’’ vertebre more than double their 
diameters both transverse and sagittal, in the course of post-natal life. 
The growth of the bodies of the vertebra may be divided into three 
periods; first, from birth to three years during which from one-half 
to two-thirds of the entire post-natal increase occurs; second, from 3 
to 16 years, a period of little if any growth; third, from 16 years to 
maturity during which approximately one-third of the total growth 
takes place. The growth of this last period is entirely epiphyseal. 


THE PELVIS 


The Pelvis as a Whole (Figs. 95, 96, 97, 151, 159).—The pelvis 
of the newborn differs from that of the adult in a number of particulars. 
Some of the more striking are listed below. 

The general form of the newborn pelvis is distinctly conical. 
The length is somewhat greater in proportion to the greatest trans- 
verse and the anteroposterior diameters than in the adult. 

The pelvic cavity is much smaller relatively than in the adult. 
It is conical or infundibulaform and the linea terminalis is poorly 
marked. ‘The inlet, or superior aperture, of the lesser pelvis approaches 
more nearly a true circle than in later life but even at birth the trans- 
verse diameter is slightly greater than the anteroposterior. The 
dimensions of both the lesser pelvic cavity and the pelvic outlet are 
smaller in proportion to the pelvic inlet than in the adult. 

The sacrum forms a greater proportion of the pelvic circumference 
than in the adult. It is less depressed between the ilia than in later 
life, and the sacral prominence is less marked and lies at a higher 
level. A second promontory may be indicated at the level of the linea 
terminalis. The sacro-pelvic angle is marked in the newborn, but the 
longitudinal and transverse concavities are hardly indicated. 

The ala of the ilia are thick and rounded and extend upward 
abruptly. The iliac fosse are present but are very shallow. 
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The acetabula are very large at birth but are much shallower than 
in later life. 

The obturator (thyroid) foramina are relatively small and are 
placed nearer together than in the adult. 


Fre. 95.—An outline drawing of the pelvis, as seen in anterior view, of a male 
newborn child, with the outline of an adult male pelvis drawn to the same size 
and superimposed upon it. The newborn pelvis is drawn at natural size and in 
solid line; adult pelvis is represented in broken line. (After Merkel, Handb. d. 
topogr, Anat.) 


The pelvis is more vertical in position at birth than later. The 
plane of the superior aperture forms an angle of 80° with the horizontal 
as compared with 60° in the adult. The symphysis is also placed more 
vertically. 


Female Male 
Fie. 96.—Dissections of the hip-joints of male and female newborn children 
showing the differences in the degree of inclusion of the head of the femur in the 
acetabulum in the two sexes at birth. (After LeDamany.**) 


Sexual differences in the pelvis can be made out as early as the 
fourth month of fetal life and are quite marked at birth. The pelvis 
of the newborn male is larger than that of the female; the sacrum is 
relatively wider; the ala are less vertical, and the subpubic angle is 
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more acute (58° in males and 63° in females according to the measure- 
ments of Le Damany?%). In girls, the acetabulum is almost vertical 
in position and only the lower part of the head of the femur is lodged 
in the cavity—a fact which explains the greater relative frequency of 
congenital dislocations of the hip in females (see Fig. 97 and further 
remarks under femur). 

According to Hasse,”” the bony pelvis shows a slight but constant 
asymmetry at birth. 

During the first two years of life the pelvis grows rapidly in all 
‘dimensions. From two years to the end of the first decade the rate 
of growth is much less rapid. The 
growth rate increases again in the 
second decade and by the end of this 
time the pelvis has attained almost 
its adult dimensions although many 
of the pelvic epiphyses do not unite 
with their main bones until the 
twenty-fifth year. 

Until the infant assumes the erect 
position the pelvis changes very little 
in form. As this position becomes 
the habitual one the sacrum begins to 
descend between the ilia, and the 
promontory is slowly established. 
The increase in the transverse diam- 
eter of the pelvis is brought about 
mainly by the growth of the lateral 
f parts of the sacrum and the posterior 

4 Fic. 97.—A frontal section of parts of the ilia. Growth also takes 
: ee: oe pelvis: oon ae along the line of apposition of 
femur: E.HL¥., epiphysis of head e three divisions of the innominate 
of femur; Il., ileum; Isch., ischium; bone in the acetabulum; but there is 
eae etal continent sme sacrum; comparatively little growth, at least 
sacrum; Pb., pubis, in males, at the symphysis pubis. 
The pelvic growth which occurs after 
puberty is practically all epiphyseal. 

The sexual differences of the newborn pelvis, aside from that of 
size, are lost during the period of early rapid growth and do not reap- 
pear until after the close of the first decade. At birth and during the 
first decade the pelvic measurements of boys are greater than those 
of girls. After the tenth year the reverse is generally the case. 

The growth of the pelvis as demonstrated by external measurements 
on normal living children is shown in Table 3 which is based upon some 
of the more important collections of data on the subject. The measure- 
ments in the lowest column of the table are of only limited value because 
of the small number of cases. The reader is recommended to the papers 
of Le Damany?7: 88 and Merkel?! for recent discussions of the post- 
natal differentiation of the pelvis. 
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TasLe 3.—TuEe DIAMETERS oF PELVIS AS DETERMINED BY MEASUREMENTS 
or Living CHILDREN 
(Summarized from the Tables of Klein, Konikow and Tatewossoff. 
Averages Calculated to Nearest Millimeter) 


D. Baude- : ; D. Troch- 
Number of ocean D. Spinarum | D. Cristarum | AE = 
- 5 anteric 
cases centimeters centimeters | < 2 
meters centimeters 
Age 


M. F. M. F. M. F. M. F. M. FR 


ING WD OTT na.5 s\aiqsnimsolsln's = 17 22 6.6 6.2 7.2 6.9 ERD) 7.5 9.1 9.0 
1 to 2 yrs..... 17 18 Ora 1145) TES | 114 |) 12.8: ) 12.65) 14.8 1420 
4 to 5yrs..... 16 16 BORE HW 10689147 14.5) L607 | 1664 v7.8 Wetzes 
SO EOMO VERS aeasries cra «2 20 16 Asean 13.99) 18.0 | 18525) 2024 4) 10. Oho1e7, oneal 
PE TOLD YIS.0o.5 5. <> 20 19 16.6) |} 17-2 || (20.9) |):22°9 |) 2354 |) 24087 112650 |) .27.3 
19 to 20 yrs... 3 3 17.3 | 19.3 | 23.3 | 25.5 | 29.0 | 28.5 | 31.3 | 30.5 


Ossification of the Individual Bones of the Pelvis (Figs. 84, 97, 
151, 152, 155) —The innominate bone is really a complex composed of 
three main bones, the ilium, ischium, and pubis; one or more minor ones 
(the ossa acetabuli) ;andanumber of epiphyses. Theossification center 
of the ilium appears in the ninth week of fetal life; that for the ischium 
about the middle of the third fetal month; and that for the pubis 
in the fourth or fifth fetal month. At the time of birth the 
superior ramus of the pubis, the inferior ramus of the ischium, and the 
greater part of the body of the ilium are formed of bone. The three 
bony masses are separated by a broad Y-shaped strip of cartilage which 
forms the greater part of the floor of the acetabulum. The rami of the 
ischium and pubis unite in the seventh or eighth year. The margins 
of the three main bones gradually encroach upon the cartilage of the 
acetabulum in which one or more separate ossification centers appear 
between the ninth and twelfth years. The three main bones and the 
acetabular centers join one another in the fourteenth to sixteenth year. 
Epiphyses for the iliac crest (three or more), tuberosity of the ischium, 
ischial spine, and the anterior inferior iliac spine appear soon after pu- 
berty. One or two epiphyses for the symphysis pubis appear between 
the eighteenth and twentieth years. The epiphyses fuse with the main 
mass of the bone between the eighteenth and twenty-fifth year. 
The later age changes in the pubic bone are discussed in detail by Todd 
(Am. Jour. Phys. Anthropol., III, IV). 

The sacrum consists of five segments, each of which corresponds to 
a vertebra. These segments are separate at the time of birth and each 
contains five centers corresponding to the body, and the neural and 
the costal centers of the free vertebre. The costal and neural 
centers join those of the body between the second and sixth years and 
the neural centers fuse medially between the seventh and fifteenth years. 
Epiphyses for the body of each segment appear about puberty, and 
those for the spine in the eighteenth year. Between the eighteenth and 
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twentieth year a lateral epiphyseal plate, which represents a large 
number of fused epiphyses, is formed on either side of the sacrum. 
The segments of the sacrum begin to consolidate from the base upward 
at puberty, and the various epiphyses join the body of the bone about the 
twenty-fifth year. A detailed description of the development of the 
epiphyses of the sacrum will be found in a recent paper by Fawcett.” 
The body of the first segment of the coccyx ossifies in the first year; 
that of the second between the sixth and tenth years, the third before, 
and the fourth after puberty. Two epiphyses are formed for each 
segment. The coccyx consolidates from the base upward in middle 
’ life. 


THE THORAX 


The Thorax as a Whole (Figs. 84, 121, 168, 169)—The thorax of 
the newborn has the form of a truncated cone, broad at its base and 
slightly flattened anteroposteriorly. The posterior wall of the thorax 
in the newborn is as long in proportion to the trunk as in the adult but 
the sternum is much shorter both in proportion to the thoracic spine 
and to the trunk. The superior margin of the sternum lies opposite 
the body of the second thoracic vertebra, while the tip of the xyphoid 
process is at the level of the lower part of the ninth or the upper part of 
the tenth thoracic vertebra. The ribs are less curved and their 
position is more horizontal than in the adult. 

The horizontal circumference of the thorax, at the level of the 
nipples in newborn children with respiration completely established, 
is 34 to 35 cm. Linzenmeier?*° found that the average circumference 
in 40 full-term children before the first inspiration was 30 cm. and after 
the first inspiration 31.2 em. It is evidently several days after birth 
before the chest increase which is dependent on the establishment of 
respiration is entirely completed. During the first year the circum- 
ference of the thorax increases approximately 30 per cent. and in the. 
second year 10 percent. Thereafter the rate of increase is much slower 
and it is not until the end of childhood that the horizontal chest cir- 
cumference is double that of the newborn. With puberty a second 
period of rapid growth sets in and lasts until 19 or 20 years. 

The thorax of the newborn appears almost circular in cross-section 
because of the relatively great antero-posterior diameter. In the early 
embryo the thoracic index* is as high as 185 but it declines rapidly 
during fetal life and at birth is about 90. In the first year it drops to 
approximately 80 and thereafter more slowly until at eight years it is 
about 70. There is little change in the index from this time until 
puberty when it again rises slightly and, according to the measurements 

* Thoracic index.—The per cent. which the antero-posterior diameter of the 
thorax forms of the transverse diameter at the same level, The index is sometimes 
determined from measurements at the level of the nipples but more commonly 
from measurements at the level of the tenth rib. A detailed consideration of the 


changes in the thoracic index at birth will be found in a recent paper by Scammon 
and Rucker (Am. Jour. Dis. Child., XXI (1921) p. 552. 
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of Rodes,*® lies between 72 and 75 in early maturity. The thoracic 
index undergoes its greatest reduction during fetal life when gravity 
cannot be a factor in the change. After the child begins to walk 
Saal this foree may have some influence on the reduction of the 
index. 

Ossification of the Bones of the Thorax.—At birth the sternum is a 
flexible strip of cartilage containing a variable number of centers of 
ossification. The manubrium usually contains one main center and 
sometimes one or two smaller ones situated below the main mass. 
The body consists of four segments, the ossification of which is very 
irregular. Often the upper segment contains a single center while the 
centers of the lower segments are generally paired. Ossification does 
not begin in the lowest segment until after birth. The segments of 
the sternum fuse from below upward. The process begins before 
puberty and is generally completed early in the third decade. Ossifi- 
cation of the xyphoid process begins in the second period of childhood. 

The shafts of the ribs are ossified early in the fourth fetal month. 
The final relative lengths of the bony ribs and costal cartilages are 
established some time before birth. Each typical rib has three 
epiphyses; one for the head and two for the tubercle. These are 
formed about the time of puberty and join the shaft of the bone early 
in the third decade. The epiphyses of the tubercle join first. 


DEVELOPMENT OF THE BONES OF THE EXTREMITIES 


Our knowledge of the development of the bones of the extremities 
has been entirely recast in recent years through the application of the 
Schultze and Spalteholtz clearing methods and by the use of the Rént- 
gen ray in the study of living material. The following account is based 
principally on studies with these methods by Mall,** Bade,!” Hassel- 
wander,”* Puyhaubert,*7 Freymond,™ Pryor**: 4° and Rotch.*”: °? 

As a considerable portion of this section deals with the formation 
of epiphyses and their fusion with their respective shafts in long bones, 
the following list of rules which have been found to apply to these 
processes is included here. 

(a) The formation of the center or centers for the diaphysis always 
precedes the appearance of the centers for the epiphyses. 

(b) When a bone has two epiphyses the epiphysis which is the 
second to ossify is the first to unite with the diaphysis (not true of the 
fibula),. 

(c) When an epiphysis has more than one center these centers 
unite with one another before they join the diaphysis. 

(d) In long bones the first epiphysis appears in the larger extremity 
(not true of the ulna). 

Superior Extremity (Figs. 84, 97).—The clavicle is the first bone 
in the body to ossify. Two centers for the shaft appear in the sixth 
week of fetal life and fuse almost at once. The clavicle has a single 
sternal epiphysis which appears between the eighteenth and twentieth 
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years and fuses with the shaft between the twentieth and twenty- 
fifth years. 
The main ossification center for the body of the scapula appears in 
the eighth week of fetal life. At birth this forms a bony plate which is 
surrounded, except on the axillary and superior borders, by a peripheral 
band of hyaline cartilage. At this time the coracoid process, a part 
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Fie. 98.—A diagram illustrating the post-natal ossification of the hand and 
wrist, based upon a radiograph of the hand of a girl 12 years old. Diaphyses and 
carpal bones in light stipple. Epiphyses in dark stipple. Dates of appearance of 
epiphyses indicated in Arabic numerals. Dates of fusion of diaphyses and epiphy- 
ses of the radius and ulna indicated in Roman numerals. 


of the acromial process, and the neck of the bone are cartilaginous. 
A separate center appears in the coracoid process during the first year 
and this fuses with the body of the bone at puberty. A small sub- 
coracoid center appears in the tenth to twelfth year. A series of 
epiphyses, for the vertebral border and inferior angle, the acromium 
and coracoid processes, and the surface of the glenoid fossa appear 
between the fifteenth and eighteenth years. These join with the main 
bony mass between the twenty-first and twenty-fourth years. 
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The shaft of the humerus begins to ossify in the sixth or seventh 
week of fetal life. The humerus has seven epiphyses, one for the head, 
one each for the greater and lesser tuberosities, and four for the inferior 
extremity. The epiphysis of the head appears between 6 and 20 
months, that of the greater tuberosity between one and three years, 
and that of the lesser tuberosity between three and five years. These 
three epiphyses unite in the fourth or fifth year to form one mass 
which joins with the shaft of the bone between the twentieth and 
twenty-fifth years. The inferior epiphyses are the capitulum (six 
months to two years), median epicondylar (five and one-half to nine 


Ree itera 


Sup. Ep. Rad. ——Sup.Ep.Ul. 
Bs Ep. Capitulum 
Fig. 99.—A  semi-diagrammatic Fie. 100.—A_ semi-diagrammatic 
drawing of a radiograph of the drawing of a radiograph of the elbow- 
elbow-joint of a male child of about joint of a youth of 14 years. 


nine years. 


and one-half years), trochlear (8 to 16 years), and lateral epicondylar 
(11 to 18 years). The capitular, trochlear, and lateral epicondylar 
epiphyses first unite to form a single mass and then join the shaft. ° 
The median epicondyle joins the shaft separately in the eighteenth 
ear. 
4 The center for the shaft of the ulna appears in the seventh week of 
- fetal life. The ulna has two epiphyses, one at the carpal and one at 
_ the radial end. The carpal epiphysis appears in the sixth or seventh 
years in females and in the seventh or eighth years in males; it unites 
with the shaft between the eighteenth and twentieth years. The 
humeral epiphysis appears between the eighth and fourteenth years 
and unites with the shaft in the seventeenth year. Other epiphyses 
may occur in the styloid and the olecranon processes. 

The center for the shaft of the radius also appears in the seventh 
fetal week. Both the radius and the ulna are said to be longer in 
proportion to the humerus in the infant than in the adult. The radius 
has carpal and humeral epiphyses. The former appears in females in 
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the eighth month and in males about the fifteenth month after birth; 
the latter appears between four and nine years. The humeral epiphy- 
sis unites with the shaft between the seventeenth and twentieth years 
and the carpal between the twenty-first and twenty-fifth years. 

The ossification of the carpus is generally entirely post-natal 
beginning in the early part of the first year and coming to an end 
shortly before puberty. Investigators differ considerably in their 
determinations of the order and date of the ossification of the carpal 
bones. Table 4 is a summary of the findings of more recent students 
of the subject. In the opinion of the writer the results of Pryor (given 
in the last column of the table) will be found the most valuable, for 
work with American children, particularly as he has taken the care to 
distinguish between the sexes. 


TasBLe 4.—TimME or APPEARANCE OF CENTERS OF OSSIFICATION IN THE BONES OF 


THE CoRPUS AS DETERMINED BY THE ROENTGEN-RAY 


Pryor 4°» 46 
Fuginami% Puyhaubert!” Rotch52 
Females Males 
| 
Os capitatum 2nd mo. (end of| Last mo. of | Very soon| Between 3rd| Between 4th 
(magnum), ~ 1st to end of | fetal life to| after birth and 6th and 10th 
6th mo.) the close of mos. mos. 
1st yr. 
Os hamatum 2nd mo. (end | Ist yr. Very soon |Between 5th Between 6th 
(unciform) of 1st to end after birth and 10th and 12th 
of 6th mo.) mos. mos. 
Os triquetrum Middle of 3rd |1}4 to 444 yrs. | About t he | Between 2nd| At about 3 
(cuneiform) yr. (114 to 334 2nd or 3rd | and 8rd yrs.| yrs. 
yrs.) yr. 
Os lunatum Middle of 4th | 244 to 6 yrs.| About the| Between 3rd! At about 4 
(semilunar). yr. 8rd or 4th | and 4thyrs.| yrs. 
yr. 
Os naviculare Beginning of | 5 to 634 yrs. About the | At 4 yrs. or| Between 4th 
(seaphoid). 6th yr. (be- 5th to 6th} early in 5th} and 5th yrs. 
ginning of 4th yr. yr. 
to end of 7th 
yr.) 
Os multangulum Beginning of | 44g to 644 yrs. | About t he | Between 4th | Between 5th 
minus (trapezoid). 6th yr. 6th to 8th | and 5thyrs.| and 6th yrs. 
yr. 
Os multangulum Beginning of | 344 to 6 yrs. About th e | Between 4th | Between 5th 
majus (trapezium) 6th yr. 5th yr. and 5thyrs.| and 6th yrs. 
Os pisiforme.........| Beginning of | 10 to 14 yrs. About t he | Between 9th | Between 12- 
12th yr. 12th yr. and 10th th and 13th 
yrs. yrs. 


There appears to be a large amount of variation in both the time 
and order of the ossification of the carpal bones even in normal children. 
Pryor *° summarizes his results, based on the study of 554 children, 


as follows: 


(a) “The bones of the female ossify in advance of the male. 


is measured at first by days, then months, then years. 


This 
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(b) “The bones of the first child, as a rule, ossify sooner than those 
of subséquent children. 

(c) “Regardless of the variations (normal) the ossification is 
bilaterally symmetrical. 

(d) “Variation in the ossification of bones is a heritable trait.’ 

The degree of variation in the order of the carpal bones as well as in 
the carpal complex at different ages is shown in Table which is based 
upon a numerical summary of Pryor’s cases. Most investigators other 
than Pryor have found that the ossification of the multangulum majus 
(trapezium) precedes that of the multangulum minus (trapezoid). 

The variation in the time of ossification of the carpal bones is 
illustrated in the following table by Brice based upon the data of 
Puyhaubert. 47 

All the carpal bones commonly ossify from a single center. 
However cases of two centers have been reported for the naviculare 
(seaphoid), lunatum (semilunar), triquetrum (cuneiform), hamatum 
(unciform); multangulum majus (trapezium) and pisiforme. 

The centers for the diaphyses of the metacarpals and phalanges 
appear in the ninth week of fetal life. Ordinarily epiphyses are 
formed only at the distal ends of the metacarpals although proximal 
epiphyses for the first and second metacarpals are present occasionally. 
The epiphyses of the phalanges are all proximal. The epiphyses of the 
long bones of the hand are formed between the latter part of the first 
and the latter part of the third year. The epiphyses of the metacarpals 
unite with their shafts between fifteen and twenty years. Those of the 
phalanges fuse with their shafts between the eighteenth and twentieth 
years. 

The ossification of the sesamoid bones of the hand generally begins 
at puberty. 

Inferior extremity (Figs. 96, 97, 101, 102, 103.)—The femur has 
four epiphyses; one for the inferior extremity, one for the head, one for 
the greater trochanter, and one for the lesser trochanter. The inferior 
epiphysis is generally present at birth; the epiphysis for the head appears 
between six months and two years after birth; that of the trochanter 
major between three and one-half and six years; and that for the tro- 
chanter minor between 7 and 11 years. The epiphyses unite with the 
shaft in the reverse of the order of their appearance; the lesser tro- 
chanter in the seventeenth year, the greater trochanter in the eigh- 
teenth, the head in the eighteenth or nineteenth, the inferior from the 
eighteenth to twenty-second year. | 

The shaft of the femur at birth is quite straight, whereas in the 
adult it is always bent in a gentle arch with its concavity directed 
backward. This bend is acquired during childhood with the assump- 
tion of the erect posture. At birth and for some time thereafter the 
neck of the femur is very short and forms a much more acute angle with 
the shaft than in the adult. During the latter part of fetal life the 
femur undergoes a high degree of torsion so that in the newborn the 
angle between the axis of the head and neck, and the transverse axis of 


286 A SUMMARY OF THE ANATOMY OF THE INFANT AND CHILD 


OOT a6 whe 6,0 . ee A 6 ete: ete Shee We oil a. MES teKenepets. FURR TP ME Phy seacel eit | atl! wee amen n OF Pie ere oC ee i hs aye ates! Wy asi 
(zg) Pp (ZZ) it (02) GI (9) g eS OE! OL ge Rees ee A all Ue cain a ee et aml mii scpeig: clea eee ae Ae qyusAeg 
(9%) 9% (0S) 8b (€%) IZ COOTER oe Re we] ee ee ea ee “yyIg 
(61) GZ (¥Z) 62 (Z&) 29 (g) P Pee Ret Se SPC OR. oul RD odie: eyerys ool aia tame yeas, « Wace ae einen UVa 
(g) 9 (P) 9 (1) (6 (98) 98 (g) P RL CE Tiel wig eum dy MON te te SR) Be 6) dhe Tale oats x yyano yt 
(F) P (96) 96 ee il ae ONL ae ker re. Mien p4ryy, 
(86) 86 (Z) V6 Age tk a 6 De. 6 Sra’ Bb fe 0. 6 puoseg 
(Z) V4 (86) 86 B® 'OLE6. Ay Cae we won, 60rw pS 4Sa yy 
(uarojistd) | (vantzedeay) (ptozedv14) | (proydeos) (aeunjrutes) (aiZoflound) | (uIZ0JIouN) (uinuseut) 
OULIO} snfeur winy | snur wy | - ereyno umyeuny 5 una uiny un} ey Japig 
“std sQ |-n3ueyjnur 8Q|-n3ueynut sO] -1avu sO -onbi1} sO ~BulBy SC -1dv0 so 


(SIOqUINNT FOU AA JSorvEN oY} 07 poye[nopey ore sosuzusos0g 


‘FYB 0} 4Jory OI 
PUlT OF, “premumog oaoqe 
JO vyVq yy uodn peseg) xonaGa 


J SosoypUoIe” Ul SOANSIY OY} poy sOpAQ UEATH v UT 
WOIF SONS PUL 3Jo'T oY} pvoy ouog uesAIN) B JO AO 
bau IO SHDVINDOUTG NI SOdUVD AHL Oo SHNOG «0 


souog ][¥ jo Aouenborg oy} 


uenbory JopIQ oy} pulg OL ,,"104I1g 
NOILVOIMISSQ FO UddUQ AHI —"G wavy, 


287 


Oe 18) 6s) a mw Se: alle S28. 8) oes 8) © (ptoydeos) OIB[NOIABU SO 


OOT 09 : 

Oot OL y cams (ma tah He et RR i a NA aa AW (eereianee ogee 2 (ptozedvi}) snuTuL WIN;NSue}[NUI sO 
OOT OL T 8 St Ra ek a em oes Mammo e SSE (unizede) sn{vur wnpnsuryjnu sO 
OOT 08 9¢ og 0Z spate) 60 a 16/8 Sel iat (8 <a vat, a ie) Soule Cet (aeunqrures) un} eUny] SO 
00r O0T 00T 08 0¢ FE hace Nest Sea ee ene (wroyfouno) wnxyaNbiy sO 
OT OT OOT OT OT OT OOT Occ oetiia, cemerig oe  2 (UiLo;ToUN) UINyeUTeY SO 
Ont] O00T 00T 001 00T O01 001 OC Nec RNs oh, ool (ainuseur) uInyeyIdeo sO 

wAyy | A yI9 | wh yyG | wh YF | “Ik pg | “IA pug | “IA 4ST | YG 


DEVELOPMENT OF THE BONES OF THE EXTREMITIES 


ye Juoserd O18 S$19}U9D UOT}BOYISSO YOTYM UT Sosvo Jo ov} UI0I0g 


souog 


GsHeqneyqAng jo vyeq oy} Wor “pe {{ ‘Amoyeuy s,ureNny ‘oomg Aq poye[nqey) SaauvO JO NOMVOIMISSO—'9 WIV], 


288 A SUMMARY OF THE ANATOMY OF THE INFANT AND CHILD 


the body of the bone is 36.5° in the right femur and 32.4° in the 
left. In the adult the angle is from 8 to 10°. It seems probable 
that congenital dislocations of the hip are the result of this torsion 
and that their greater frequency on the right side can be explained 
on the basis of the preceding figures. The degree of torsion in the 
femur of females is slightly greater than that of males; and this, to- 
gether with the differences in the acetabula already mentioned, 
probably accounts for the higher percentage of congenital dislocations 
in girls than in boys. 
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Fra. 101.—Median section of the left knee of the newborn male child 54 em. 
long. I.F.E., inferior femoral epiphysis; P., patella; S.T.E., superior tibial 
epiphysis. Natural size. 


The tibia has two constant epiphyses for the superior and inferior 
extremities, and generally one for the tubercle as well. The superior 
epiphysis is generally present at the time of birth and joins the shaft 
between the seventeenth and twenty-fourth years. The inferior 
epiphysis appears between the sixth and fifteenth post-natal months 
and fuses with the shaft between 16 and 19 years. The tuberosity of 
the tibia is commonly formed in part from a downgrowth from the 
superior tibial epiphysis, and in part from a small separate center lying 
just below this process. A second center may be present. The time 
of formation of the separate center is extremely variable. Its presence 
in the first year has been reported but it commonly appears between the 
seventh and fifteenth years. It usually joins with the process of the 
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superior epiphysis between the twelfth and fifteenth years. . Fusion 
with the shaft of the tibia takes place along with that of the superior 
epiphysis between the seventeenth and twenty-fourth years 
(Kirchner).** 

Because of the importance of the inferior femoral and superior 
tibial epiphyses in determining the maturity of the newborn infant I 
include a summary of the recent work of Pozier‘* on this subject. 
This author examined the knees of 166 newborn children by means of 
the Roentgen ray. His conclusions were; (1) the same number of 


TRE 


Fra. 102.—Median section of the knee of a female child nine years of age. 
I.F.E., inferior femoral epiphysis; P., patella; S.T.E., superior tibial epiphysis, 
*Accessory epiphysis for tubercle of the tibia. One-half natural size. 


centers are found in the right and left members of any newborn : (2) 
if a single center is present it is always the inferior femoral epiphysis; 
(3) there is no direct relation between the development of the ossifi- 
cation centers at the knee and body-weight; (4) the inferior femoral 
epiphysis generally appears at the beginning of the last fetal month 
and the superior tibial epiphysis in the week preceding birth; (5) all 
children with two centers, weighing 2,700 gm. or more and measuring 
47 cm. or more in length are full-term; (6) children with two ossifica- 
tion centers weighing 2,600 gm. or less and measuring 44 em. or more 
are at term or nearly so; (7) all children with one center weighing 
2,800 gm. and measuring 44 cm. or more are full-term or nearly so; (8) 
all children with two centers are at least eight and one-half months; 
(9) all infants weighing less than 2,500 gm. and without ossification 
centers are less than full-term. The following is a tabular summary 
of Pozier’s data. A further discussion of this subject is given by. 
Adair and Scommon (Am. Jour. Obstet. and Gynecol., IL 
(1921). 
Vox. t—19 
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TaBLE 7.—ITHE DEVELOPMENT OF THE OssIFICATION CENTERS OF THE KNEE 
(ArrER PoziER**) 


Percentage of cases in which: 

Age in weeks calcu- ig eersee 
Hoe sae . nae. of cases No center | One center only | Two centers 

ees is present is present are present 
ST CORD Mies. ENA Enss 7 57 43 0 
NGO ce Tessa oft chee 12 17 42 42 
SP Seo es Bae nie eos 15 27 33 40 
AGI eta ree eee 34 3 32 59 
A0itO 429. ote 54 6 30 65 
A TANG OVier se cen ee 19 0 16 84 

Total cutis ee ee 141 


The fibula has an inferior and a superior epiphysis. An inferior 
epiphysis appears between 15 months and 214 years and a superior 
epiphysis between three and one-half and six and one-half years. 
The superior epiphysis joins the shaft between 20 and 22 years and the 
inferior between 22 and 24. 

The ossification center of the patella appears between three and 
six years. , 

Bones of the Foot.—Although the development of the tarsus has 
not been studied in the same detail as has that of the carpus there is a 
considerable amount of data upon the subject. Unlike the carpal 
bones, which are commonly all cartilaginous at birth, two bones of the 
tarsus, the calcaneus and the talus (astragalus) always possess ossi- 
fication centers in the full-term newborn; and a third bone, the cuboid, 
is ossified in over one-half of the cases. All observers are agreed as to 
the customary order of the tarsal bones, which is as follows: (1) 
calcaneus, (2) talus (astragalus), (3) cuboid, (4) third or external 
cuneiform, (5) first or internal cuneiform, (6) second or middle 
cuneiform, and (7) navicular (scaphoid). The time of appearance 
of these centers of ossification is indicated in the following table 
which is the summary of the more important studies on the subject. 

Several of the tarsal bones arise from more than one ossification 
center. The calcaneus often has a periosteal center which arises a 
little earlier than the main center and generally soon fuses with it. 
The talus, cuboid and first (internal) cuneiform may also form from 
several centers which fuse shortly after their appearance. The navi- 
cular commonly has a secondary smaller lateral center which appears 
shortly after the main one and fuses with it before puberty. 

The calcaneus is the only tarsal bone having an epiphysis. This 
is formed, sometimes from several centers, between the sixth and tenth 
years and generally joins with the main mass of the bone shortly after 
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puberty. Occasionally fusion takes place immediately .after the 
formation of the epiphyseal center. te 

As a rule the tarsal bones ossify earlier in girls than in boys. 

The shafts of the metatarsals ossify about the end of the second 
fetal month. The epiphysis of the first metatarsal is proximal to the 
shaft but all of the others are distal. Occasionally the first metatarsal 
may have a distal epiphysis as well, and a separate center may be 
formed for the tuberosity of the 
first metatarsal. The epiphyses 
appear in the latter part of the 
third year. Ossification begins 
in the medial metatarsal epiphy- 
sis and proceeds laterally. The 
epiphyses unite with the shafts 
between the fourteenth and 
nineteenth years in females and 
between the seventeenth and 
twenty-first years in males. 
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Fria. 103.—Vertical section of the ankle of Fig. 104.—Vertical section 

. the newborn male child, 54 cm. in length. of the ankle of a girl nine years 
A., astragulus (talus); C., caleaneus; F., old. A., astragulus (talus); C. 
fibia; T., tibia. caleaneus; D.F., diaphysis of 


fibula; D.T., diaphysis of tibia; 
LF.E., inferior epiphysis of 
fibula; I.T.E., inferior epiphy- 
sis of tibia. 


The shafts of the phalanges are ossified in the third fetal month. 
The epiphyses, which are proximal in position, are formed in the third 
and fourth years. They appear first in the proximal row and last in 
the distal row of phalanges. The period of union of the epiphyses 
with their shafts extends from the twelfth to the twenty-first year. 

‘The epiphyses of the distal row of phalanges are the first to unite with 
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their shafts and the proximal row are the last. The process takes place 
earlier in females than in males. 

The sesamoid bones of the great toe appear in the eighth year in 
females and in the eleventh year in males. 


Fie. 105.—Lateral view of the musculature of the head and neck of a full-term 
newborn child. (Drawn from a dissection and cast by Dr. J. C. McKinley.) 
Au., auricle; J.V., jugular vein; M., masseter muscle; T., temporal muscle. 


Skeleton of the Foot as a Whole.—In the early part of fetal life 
the foot is strongly inverted. About the seventh fetal month a pro- 
cess of gradual eversion begins but at birth and for some time thereafter 
some inversion is still noticeable. version is brought about by pro- 
found changes in the shape of the calcaneus and talus, and by the 
rapid growth of the bones forming the medial border of the foot. At 
birth the foot also has a greater degree of dorsoflection than in later 
life, due to the greater relative area of the trochlea of the talus. 
Ventral flexion, however, is limited by the shortness of the dorsal 


extensor muscles. ; 
If an impression be made on smoked paper or glass of an infants 
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foot, almost the entire plantar area is outlined and a picture is secured 
quite similar to that seen in cases of flat foot in the adult. Definite 
transverse and longitudinal plantar arches are present, however, even 
at the time of birth; and the latter is higher relatively than in the adult. 


Fie, 106.—Superficial musculature of the trunk of i 
from a dissection and cast by Dr. J. Co Maken yarn ee 


The arches are concealed in the impressions by the thick pad of plantar 
fat which acts as a support until the posterior leg muscles and plantar 
fascia take over this function. Dane,2° who measured the longi- 
tudinal plantar arch in a number of infants, found both an spent 
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and relative decrease in the height of the arch during the second year 
of life, in the period when the child first begins to bear its weight upon 
its feet. 


THE MUSCULATURE (Figs. 105, 106, 111) 


We know comparatively little regarding the post-natal development 
of the muscular system. According to the observations of Theile® 
and others, the muscles form about one-fourth of the entire body weight 
at birth. Apparently the muscles do not grow as fast as the remainder 
of the body during infancy but in later childhood they increase so 
rapidly that at puberty, as in later life, they form 40 to 45 per cent. 
of the total body weight. The absolute gain in the weight of the 
musculature between birth and maturity varies greatly in different 
individuals but generally it is nearly forty-fold or about twice that 
of the body as a whole. ‘ 

In the newborn the muscles of the head and trunk form a little 
over 40 per cent. of the total weight of the musculature while in matu- 
rity they form from 25 to 30 per cent. During childhood the muscles 
of the inferior extremities increase from a little over 40 per cent. to 
about 55 per cent. of the total weight of the musculature. The 
muscles for the superior extremities form from 18 to 20 per cent. of 
the entire musculature throughout post-natal life. 

The growth of skeletal muscles during post-natal life apparently is 
due almost entirely to the increase in volume of the individual fibers and 
not to an increase in their number. MacCallum® estimates that the 
muscle fibers of the sartorius increase about 10 per cent. in number 
and about 800 per cent. in area in cross-section between birth 
and maturity. 

The literature contains a few scattered observations regarding the 
topography of certain of the muscles during childhood but the subject 
as a whole is practically untouched. ‘Through the kindness of Dr. J. 
C. McKinley I am able to reproduce here two figures of the muscula- 
ture of the newborn child which are a part of his forthcoming mono- 
graph on the subject (Figs. 105, 106). 

The submuscular and subfascial burse and the mucous sheaths of 
the tendons of the various muscles are practically all fully developed 
at the time of birth. The subcutaneous burse are more variable and 
may or may not be completely developed in the newborn. When 
absent at birth they develop in the course of the first few years. For 
details regarding their condition in the newborn and their later develop- 
ment the reader is referred to the papers of Heincke®’ and Whittaker. 


THE DIGESTIVE SYSTEM 
THE MoutTH AND TONGUE (Figs. 107, 108) 

The lips of the newborn and young infant show two anatomical 
modifications fitting them for the act of sucking. The red part of the 
mucosa is differentiated into two zones—an external smooth one, the 
pars glabra, and an internal one which is studded with long pointed 
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‘papillz and is known as the pars villosa. The papilla not only cover 
the pars villosa of the lips but extend backward in an irregular band 
along each cheek nearly to its posterior margin. In the mid line of 
the upper lip in the pars villosa is a distinct elevation—the superior 
labial tubercle. Both the tubercle and the papille of the pars villosa 
ordinarily disappear in the first few months but either may persist 
to some degree in adult life. 


5.9. 
Fia. 107.—Frontal section of the face of a full-term newborn child. C.A.B., 


corpus adiposum bucce (sucking pad); Md., mandible; Mx.S., maxillary sinus; 
P.d., parotid duct; 8.g., sublingual gland; T., germ of molar tooth. Natural size. 


The oral cavity of the infant is only a potential one for when the 
mouth is tightly closed the tongue comes in contact. with the gums 
laterally and with the roof of the mouth above. When the mouth 
assumes the position for sucking there are formed three cleft-like 
spaces through which fluids can be carried to the pharyngeal cavity. 
A median cavity, the Cavum suctorium of Hasse,®? lies between the 
dorsum of the tongue below and the hard palate above, and opens into 
the cavity of the isthmus of the fauces through a narrow aperture on 
either side of the soft palate. The two lateral cavities are arcuate 
clefts bounding the lateral and medial surfaces of the gums respectively. 
They communicate freely since the upper and lower gums are not 
completely in contact in the newborn child or the suckling. Fluids 
from these lateral spaces enter the cavity of the isthmus through a 
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cleft between the lateral margin of the tongue and the anterior pillar 
of the fauces (glossopalatine arch). In the suckling the cavity of the 
isthmus is closed off from the oropharynx except for two small lateral 
openings which are bounded by the epiglottis, the soft palate, and the 
posterior pillars of the fauces (arcus). These two apertures are in 
front of the opening of the larynx and are partly separated from it by 
the posterior palatine arches so that fluids may pass into the pharynx 
and esophagus without entering the cavity of the larynx. 

The hard palate of the young child is low, broad and short. Gen- 
erally it is corrugated by a series of five or six irregular transverse 
folds. These structures are very 
much more prominent in the fetus 
than in the child and may be either 
entirely obliterated or broken up into 
mound-like elevations before matur- 
ity. Possibly they assist in holding 
the nipple during the sucking act. A 
small conical projection, the incisive 
papilla, occurs at the middle of the 
anterior margin of the palate. Along 
the median line of the palate in the 
newborn there occur a_ series of 
epithelial masses or pearls, which often 
form whitish rounded elevations on 
the surface of the mucosa. Accord- 
ing to Epstein,® these are epithelial 


I'rg. 108.—Posterior view of 


debris which are left behind in the 
union of the halves of the hard palate. 

The tongue of the infant is rela- 
tively short and broad. The sulcus 
terminalis which indicates the division 


the anterior wall of the pharynx 
of a newborn child. A.S.C., 
posterior aperture of salivary 
space (apertura salivarie com- 
mune); Ch., posterior choane; L., 
larynx; P., soft palate; P.P., post- 


erior palatine pillars. (After 
Hasse. 92) 


between the oral and pharyngeal por- 
tions of the organ is well marked and 
the foramen cecum is generally a 
large distinct pit. All the types of lingual papille recognized in 
the adult are present before birth. Taste buds are present on the 
vallate, foliate, and fungiform papille of the newborn and in| the 
epithelium of the foramen cecum. They are said to increase consider- 
ably in number during the first year of life. The lymphoid follicles 
of the lingual tonsil are formed in the ninth or tenth fetal month. 
These are relatively more numerous in the child than in the adult. | 


THE SUCKING PAD (Figs. 107, 111) 


In either chéek of the newborn child there is a sharply circumscribed 
mass of adipose tissue known as the sucking pad or bolus of Bichat 
(corpus adiposum bucce). The main mass of this fatty body lies in 
the space between the buccinator and masseter muscles and is covered 
externally by the facial muscles and fascia. Fromm this more superficial 
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portion a process extends backward and inward to join the temporal 
fat-mass. The superficial portion is from 1.5 to 2 cm. in diameter. 
The parotid duct comes in close relation with the sucking pad and may 
pass either directly above it or through a deep groove on 1ts external 


Decalcification o{ the deciduous teeth. 


(After Poirier and Charpy, Traite Anat. Humaine, 2m. Ed.) 


Calcification of the permanent Teeth. 


Calcification of the deciduous teeth. 


tion of the latter. 


FF. 


petug 


Fria. 109.—Diagram illustrating the calcification of the permanent and deciduous teeth, and the decalcifica- 


40wk. (birth) 
rl 


Pe eR aos 


surface. The sucking pad contains fats of a higher melting point than 
those of the general superficial adipose tissue and is little diminished 
even in cases of extreme emaciation. Its finer structure, in the new- 
born, is practically identical with that of the general superficial fat. 
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The body is surrounded by a special capsule of fibrous connective 
tissue. Its function is supposed to be the distribution of atmospheric 
pressure and preventing the drawing in of the cheek and buccinator 
muscle, between the gums during the sucking act (Ballantyne!). 


In most cases, the sucking pad persists throughout childhood and even 
into adult life. 


THE TEETH (Figs. 92, 93, 107, 109, 110) 


All of the deciduous teeth and the germs of the upper and lower 
permanent first molars are partially calcified at the time of birth. 
The germs of the remaining permanent teeth, with the exception of the 
third molars, are also present at this time although the process of 
calcification has not begun in them. 


A B Cc 
Fic. 110.—Semi-diagrammatie sections illustrating the shedding of the decidu- 
ous and eruption of the permanent teeth. A, child five and one-half years old, 
section through median inferior incisor. B, child six and one-half years old, 
section through lateral inferior incisor. C, child six and one-half years old, section 
through median inferior incisor. d., deciduous tooth; p., permanent tooth. 
(After Albarran.*) 


The germs of the deciduous teeth and of certain of the permanent 
ones are inclosed in definite connective tissue sacs (dental sacs) which 
are attached by their apices to the connective tissue of the oral mucous 
membrane and at their sides and bases to the periosteum of the man- 
dible or maxille. These dental sacs are lodged in incomplete bony 
alveoli, ‘which occupy the greater part of the mandible and of the 
bases of the maxille. The alveoli which contain the deciduous teeth 
extend from the bases of the rami of the mandibles to the symphysis in 
the lower jaw and from the posterior margins to the future nasal spines 
of the maxille. The germs of the anterior permanent teeth, from 
median incisors to the first premolars inclusive, lie medial to the de- 
ciduous teeth, while the germs of the first and second molars are placed 


posterior to them. 
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The chronology of the eruption of both the deciduous and perma- 
nent teeth is subject to great individual and probably some racial . 
variation. Usually the eruption of the former begins with the lower 
central incisors in the early part of the second half year and ends with 
the second molars in the latter part of the second year. As a rule, 
the eruption of the deciduous teeth takes place in a series of periods of 
activity which are separated by periods of quiescence which grow pro- 
gressively longer; but there is considerable variation in this process. 
The details of the calcification and eruption of the deciduous teeth are 
shown in Table 9 and Fig. 109. 

Following the eruption of the second deciduous molars is a period 
in which there are no external changes in the dentation. During this 
time, however, all of the permanent teeth with the exception of the 
first and third molars commence to calcify and towards the end of it 
the decalcification of the deciduous incisors begins. 

The shedding of the deciduous teeth, which is even more irregular 
than their eruption, starts with the incisors, usually in the seventh 
year, and ends with the premolars or second molars in the twelfth 
year. ; 

The first of the permanent teeth to erupt are the first molars. 
These teeth undergo precocious development from the beginning, 
being the only ones of the permanent series which begin to calcify 
in fetal life. The usual time of eruption is in the sixth or seventh 
year. The permanent dentation, with the exception of the wisdom 
teeth or third molars, is usually complete by 14 or 15 years. The 
wisdom teeth may make their appearance at almost any time from 
this period to the close of the third decade, although generally they 
are erupted before 20. In general, the teeth of the permanent denta- 
tion appear from one to six months earlier in girls than in boys. 

A few words may be added concerning the nature of these processes. 
whose chronology has just been outlined. 

The calcification of teeth begins at their crowns and proceeds 
towards the roots. Simple teeth, such as the incisors and canines, 
have single centers of calcification. Teeth with more than one cusp 
have separate calcification centers for each cusp. These centers 
fuse in their later development. In general, there are two main 
periods of calcification, one in the fourth and fifth fetal months, 
when the centers of the deciduous teeth are established; and a second 
extending through the first five years of post-natal life, when the 
centers of most of the permanent teeth are laid down. The exceptions 
to this scheme are the permanent first molars, which commence to 
calcify in the last fetal month; and the third molars or wisdom teeth, 
in which the process is delayed until the eight or ninth year. While 
clacification is always well advanced at the time of eruption it is not 
completed in the case of the deciduous teeth until some time there- 
after. In the permanent teeth it is nearly or quite finished at the 
time of eruption. 

The decalcification of the deciduous teeth begins at or near the 
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apices of the roots‘and proceeds towards the crowns. When the tooth 
is shed practically all of the fang has been destroyed. This is said 
to be brought about mainly through the action of osteoclasts. Prior 
to the shedding of the tooth the upper part of the temporary alveolus 
is absorbed and the peridental membrane becomes loosened. A 
diagram of the process is shown in Fig. 110. 


a 


Fre. 111.—Dissection of the head of a child one month old. P.g., parotid gland; 
C., corpus adiposum bucce (sucking pad). 


In the process of eruption, the crown of the growing tooth is 
pressed against the oral margin of the alveolus which encloses it, 
and the aperture at this place is enlarged through the absorption of 
its margins until an opening is formed which is large enough to allow 
the passage of the crown. At the same time the mucoperiosteum 
covering this region becomes reduced in thickness and of softer texture. 
The crown pierces this tissue carrying a thin covering derived from 
the inner part of the enamel organ known as the dental cuticle or 
Nasmyths membrane. The remains of dental sac in which the tooth 
was enclosed fuses with and becomes part of the periosteum of the 
alveolus which is rapidly rebuilt around the neck of the tooth. 

The details of the development of the teeth will be found presented 
in full in the texts of Noyes, and Broomell and Fischelis, and the 
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relations of the teeth in childhood are well illustrated in the atlases 
of Symington and Rankin!2’ and Witzel.}39 Among the more exten- 
sive statistical studies upon the chronology of the eruption of the 
teeth are those of Rése!2° and James and Pitts.27 The development, 
and growth of the dental arches has been considered in connection 
with the post-natal history of the jaws. 


THE SALIVARY GLANDS (Figs. 107, 111) 


The relative weight of the salivary glands as a whole is approxi- 
mately the same in the newborn and the adult. The parotid is how- 
ever a little lighter proportionally while the submaxillary and the 
sublingual are a little heavier. The absolute weight of the parotid 
in the newborn averages 1.8 gm., that of the submaxillary 0.84 gm., 
and that of the sublingual 0.42 gm. All of these glands increase 
approximately three times in weight during the first six months, and 
five times during the first two years. 

The topography of the submaxillary and sublingual glands is 
practically the same in the infant as in the adult and needs no special 
description. 

The parotid gland in the newborn and young infant is rounder 
than in later life. It lies wedged in the hollow between the masseter 
muscle and the ear. During early childhood the parenchyma of the 
gland gradually grows over the surface of the masseter muscle along 
the course of the parotid duct until the final form of the adult gland 
is acquired. 

The finer structure of the salivary glands in infancy is characterized 
by the relatively large amount of interstitial connective tissue and 
the limited amount of parenchyma. The lobules are separated by 
broad bands of delicate connective tissue in which the cellular elements 
are prominent. Within the lobules the ducts form a much larger 
proportion of the tissue than in later life. The basal granular rods 
of the secretory ducts are said to be absent during the first year. 
The end pieces are extremely variable in size as are the cells that form 
them. In the margins of the alveoli which lie at the periphery of 
the lobule there are found many small and undifferentiated cells 
evidently in the process of active growth. Mucous cells are found 
scattered among the smaller and more primitive ones. Small and 
faintly staining granules, which are probably secretory, are present 
in the end-pieces of the parotid and submaxillary gland at birth. 
According to Berger (quoted by Gundobin’) the salivary glands have 
acquired all the histological characters of the adult by the end of the 
second year. 


THE PHARYNX (Figs. 108, 114, 133, 135, 139) 


The pharynx in the newborn is about 4 cm. in length, being 
approximately one-third as long as in the adult. It is in contact — 
superiorly with the basal portions of the sphenoid and occipital bones, 
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and with the synchondrosis which joins them. The pharynx extends 
inferiorly to the level of the fifth or sixth cervical vertebra behind and 
the cricoid cartilage in front. ; 

The main differences in form of the pharynx in the infant and the 
adult are found in the upper part of the structure. In the newborn, 
the nasal pharynx is a narrow tube about 20 mm. in length which runs 
anteroposteriorly in direct line with the nasal fosse. Its transverse 
diameter is two or three times greater than the vertical. The nasal 
pharynx curves gently downward at its posterior end to join the oral 
pharynx, without any sharp line of demarkation. 

During the first five years of life the form of the pharynx is greatly 
changed through the increase of its vertical diameter. In this period, 
according to the data of Escat,* the transverse diameter increases 
over one-half (from 12 to 15 mm. to 21 mm.), the anteroposterior 
diameter remains practical unchanged (at 20 mm.), and the vertical 
diameter increases nearly three fold (from 5 to 7 to15mm.). From 5 
to 14 years all of the diameters of the pharynx increase but the vertical 
still grows the fastest. After puberty the growth of the nasopharynx 
takes place at about an equal rate in all directions. At birth and for 
some time thereafter no sharp line can be drawn between the posterior 
wall and the roof of the pharynx; the two form together a single curving 
surface. By five years, however, the posterior wall and roof meet at 
an. oblique angle, and by puberty they join nearly at right angles, as in 
_ the adult. 

The ostium of the Eustachian (auditory) tube at birth and during 
the first year lies at the level of the floor of the nasal cavity at the line 
of junction of the hard and soft palates. At this time the ostium of 
the tube is very small and the fold surrounding it (the torus tubarius) 
is practically absent because of the weak development of the tubal 
cartilage. After the first year the ostium is shifted upward and back- 
ward and by the end of the fifth or sixth year it generally lies posterior 
to the inferior nasal concha as in the adult. There is, however, con- 
siderable individual variation in the chronology of this process. The 
pharyngeal recess, or fossa of Rosenmiiller, is often hardly distinguish- 
able in the newborn. It is rendered prominent by the posterior shifting 
of the ostium and the coincident development of the torus tubarius. 


THE PHARYNGEAL TONSIL (Figs. 114, 133, 135) 


The posterior part of the roof of the pharynx contains a small 
median pit, the bursa pharyngea or fossa of Luschka, and from this pit 
a series of folds radiate forward and laterally. The pharyngeal tonsil 
is formed by the infiltration of these folds with lymphoid cells during 
the latter part of fetal life. At birth sections of this region show a 
pseudostratified epithelium, resting on a broad band of connective tissue 
containing ill defined masses of lymphoid tissue and numerous small 
mucous glands. During the first year the lymphoid tissue is greatly 
increased, and definite follicles with germinal centers are formed.. 
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The pharyngeal tonsil reaches its maximum development in the 
sixth year according to the observations of Symington.!26 When at 
its greatest development it may be 30 mm. long and 15 mm. broad and 
may, in normal cases, project half-way across the cavity of the nasal 
pharynx. Involution of the pharyngeal tonsil, according to Symington, 
begins at Six or seven years and is completed before puberty but 
occasionally the organ may persist to maturity. The bursa pharyngea 
commonly persists throughout adult life, often in the form of a small 
closed cyst. 


THE PALATINE TONSILS (Figs. 112, 113) 


At the time of birth the palatine tonsils have generally lost their 
simple fetal form and show many of the variations in shape and relation 
to the surrounding structures which are seen in the adult. Only the 
most common form of the tonsil is described below. For detailed 
descriptions of the numerous variations the reader is referred to the 
papers of Mosher?*’ and Griinwald.*° 


Fig. 112.—Drawing illustrating the position and form of the tonsil in the 
newborn. A., medial view of the right tonsillar region, average dimensions of 
different parts indicated in mm. B.and C., lateral views of tonsils at birth show- 
ing the position and extent of the commoner peritonsillar fosse. 


At birth, as in later life, the tonsil is lodged in the tonsillar sinus 
between the two palatine arches and the lateral margin of the tongue. 
The tonsillar sinus is relatively short and broad in the infant and a 
fold of mucous membrane, the plica triangularis, is reflected from the 
anterior palatine arch across the upper part of the tonsil. The plica 
triangularis ends in a free edge which ordinarily forms about three- 
fourths of a circle around the tonsillar mass, bounding it except for a 
small portion of its posterior border. As a rule, the upper third of the 
tonsil is covered by the plica triangularis in the newborn (Mosher). 
A number of fosse may be found between the plica triangularis, the 
tonsil, and the floor of the tonsillar sinus. In the infant the commonest 
fosse are an anterior and superior one, corresponding in part to the 
supra-tonsillar fossz of the adult, and a smaller inferior one which pro- 
jects downward from the posterior-inferior quadrant of the tonsil. — 

The tonsil as a whole lies higher in the tonsillar sinus than in the 
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adult and its axis is horizontal instead of vertical as in the latter. It 
is placed more medially, z.e., closer to the soft palate than in later life. 
The tonsil descends somewhat in infancy and its axis changes from the 
horizontal to the vertical position in the first two or three years of life. 

Lymphoid tissue is found underlying the tonsillar epithelium in the 


Fig. 113.—Soft palate and surrounding structures of the newborn as seen in 
posterior view. O., ostium of auditory tube; P.C., posterior choane; 8.P., soft 
palate; T., tongue; To., tonsil. (After Mosher.1!%) 


sixth fetal month but definite lymphoid nodules are not formed until 
about the time of birth, and often germinal centers do not appear until 
the end of the first post-natal month. The tonsillar epithelium is 


Cae SS 


Fia. 114.—Dissection of the mouth and pharynx of a male child one month old 
showing the hard palate, the pharyngeal tonsil and the ph ] ‘ ‘ 
siderably modified from Schwabsch, Arch. f. mikr. ane Bd2) le Nate 


invaded by lymphocytes before birth but according to Goslar,%9 they 
are not found in the cavities of the tonsillar crypts until a week or so 
after birth. Plasma cells also are not found in the tonsils until several 
days after birth (Davis7’). 
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The changes which the tonsils undergo in the latter part of child- 
hood are still little known. Genter (quoted by Gundobin’) found the 
weight of the tonsil in the newborn to be 0.75 gms. It increases 
rapidly to 0.4 gms. in the second year and to 0.8 gms. in the fifth year. 
In the second decade the average weight is slightly over 1 gm., and in 
the third and fourth decades nearly 1.5 gms. No decrease in weight 
was observed until the fifth decade. These figures however are based 
on weighings of the entire tonsil including its surrounding and inter- 
stitial connective tissue. They give us no indication of the amount of 
lymphoid tissue present in the structure at different ages. Hett and 
Butterfield®* conclude from the study of a large series of sections of the 
tonsils of children that the tonsil normally begins to atrophy at or soon 
after five years. The majority of observers would set a later date for 
the beginning of involution in these structures. 


THE ESOPHAGUS 


The esophagus in the newborn varies in length from 8 to 10 cm., 
measuring from the cricoid cartilage to the cardia. This length 
doubles during the first three years of life. Thereafter the increase 
is slow, the adult of length 23 to 30 cm., being attained some time 
after puberty. In the newborn and young infant the esophagus is 
slightly more than one-fourth of the combined length of the head 
and trunk while in the adult it is equal to about one-sixth or one-. 
seventh of the length of the head and trunk. The length of the 
esophagus from the incisor teeth, which is of more practical impor- 
tance, is given in the table of Stark quoted below. 


Taste 10.—Tae Lencts or THE EsopHacus IN CuinpHoop (AFTER STARK) 


Distance, in centimeters, from incisor 
teeth (or margin of gum) to the level of 
Abe Total length . 
Se a Cricoid | Bifureation Cardi 
: | ardia 
cartilage | of trachea 
| 
1 2A rial sae mae ees ea ea 10 7 12 | 18 
| ad Hattie ce eta eee 12 10 14 22 
4 Dee, Ie ee 13 10 15 23 
1 a gaye cea Ika ae Se 16 10 17 26 
Biya te lpent pees 3 ct. 18 10 18 28 
Re VIBW tn ees seo 19 14 23 33 
PACU tueha tows pis weaaehs © 25 15 26 40 


i d with 

At birth the average diameter of the esophagus, as measure 
the sound, is 5 mm. The caliber of the esophagus in childhood has 
been aienred by means of sounds by Lesbini!® and by Schkarin 
(quoted by Gundobin’). The former found the maximum diameter 
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in children from two to five years to be 15 mm., from 12 to 16 years 
20 mm., and over 16 years 21mm. The latter found the diameter 
in children under two months to be from 7 to 8 mm., between six and 
nine months 9 mm., between nine months and two years 10 mm., and 
from 6 to 12 years 12mm. The wide divergence in these two sets of 
measurements probably represents only the great natural variation 
of the esophagus in this respect. 

In the newborn the superior limit of the esophagus lies at the — 
evel of the fourth or fifth cervical vertebra, and the inferior margin 
at the ninth thoracic vertebra. Thus both the upper and lower end 
of the tube lie from one to two vertebre higher than in the adult. 
The curvatures of the esophagus, while present in the infant, are less 
pronounced than in the adult. The same statement holds true for 
the normal esophageal constrictions. : 


Incisura cardiaca 


Anfrum cardiacum 
Cardia 


Canalis gastricus 


Incisura angularis 
Sulcus pyloricus 


(Pylorus) 


Antrum 
duodenale 


Antrum 
pyloricum 


Vestibulum 


loric 
Sulcus intermedius ec eal 


Fia. 115.—Diagram illustrating the divisions of the stomach. (After Lewis.18) 


, The esophagus at birth is lined with a stratified squamous epithe- 
lium which is distinctly thinner than that of the adult and which may 
present small scattered areas covered by a superficial layer of columnar 
ciliated cells. The epithelium rapidly thickens after birth and the 
ciliated areas, when present, disappear. Both the deep and the 
superficial esophageal glands are present at the time of birth. The 
former are less numerous than in later life and their end-pieces are 
only in the process of formation. The muscularis mucosa is relativel 
thick in the infant. 4 


THE STOMACH (Figs. 115, to 124, 127, to 130, 147, 156) 


Our conceptions of the form of the stomach h 

ave been greatl 
modified in recent years by studies of material hardened in sie ai 
still more through the evidence furnished by the Roentgen ray method 
Indeed some investigators would go so far as to say that no definite 
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form can be assigned to the organ because of its varying form in rela- 
tion to gastric contents and to the waves of contraction which pass 
along it. This is hardly true, for Lewis’ study on the development of 
the stomach shows conclusively that all of the subdivisions which — 


\ 


Cc D 


al 


Fra. 116.—A series of outline tracings of radiographs of the stomach in child- 
hood. A, child of five months. B, child of three months. C, child of eight 
months. D, girl of seven years. EH, boy of nine years. F, girl of 12 years. 
All radiographs taken with the stomach moderately distended and the subject 
in the erect position. (A and B after Major, 110. C-—F, after Flesch and Péter1.*’) 


have been demonstrated in the adult, by strictly anatomical methods 
of investigation and by the Roentgen-ray, are present in the fetal 


organ, long before it is influenced by gastric contents or, so far as 
we know, by physiologic waves of contraction. As much of the 
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confusion regarding the form of the stomach is due to conflicting 
nomenclature I adopt for the following description that proposed by 
Lewis!°8 which is illustrated by Fig. 115. All of the divisions of the 

‘organ shown in this figure are usually recognizable in the newborn 
if one examines material which has been properly hardened in situ 
or fresh specimens which are moderately contracted (Figs. 11714 
The divisions of the pyloric portion are usually particularly clear 
and the sulci bounding them well marked. 


Fie. 117.—A longitudinal section of the pyloric end of the stomach and the 
duodenum of a full-term child one day old. D., duodenum; P.A., pyloric antrum 5 
P.V., pyloric vestibule (pyloric canal). Twice natural size. 


The older anatomical accounts of the form and position of the 
infant’s stomach and the results found by radiographic studies are 
radically opposed. Almost all anatomists describe the stomach of 
the newborn and infant as placed vertically with the greater curvature 
to the left and the lesser to the right. They also generally include 
the statement that the infant’s stomach lacks a fundus. On the 
other hand radiographs of the suckling’s stomach, taken with the 
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subject in the erect position, practically always show the stomach 
lying transversely in the body with the greater curvature forming its 
lower margin and with a distinct fundus which extends upward some 
distance above the cardia and is occupied by a gas bubble. The form 
then, of the slightly or moderately distended infant’s stomach as seen 
In 2-ray has been aptly described as that of an inverted retort. The 
discrepancy in these two classes of descriptions is due, I think, to 


Fic. 118.—Outline tracings of radiographs showing the position of the stomach in 
relation to the skeleton in later childhood. (After Sever.123) 


the fact that anatomists have generally examined stomachs either 
in a high degree of contraction or those of premature infants or fetuses 
which have never been even moderately distended. In still-born 
children the widest variation in the amount of gastric contents is 
found. The walls of the sac may be almost in contact or the organ 
may contain 20 c.c. or more of mucus. In almost all cases of the latter 
type which I have observed, the long axis of the stomach was either 
oblique or transverse. At birth the gastric contents is greatly in- 
creased, at first by the introduction of air, which begins with the first 
inspiration, and later with fluid. If the transverse position of the 
stomach has not previously been established by the accumulation 
of gastric mucus it is brought about at this time by the factors I have 
just mentioned. The change in the direction of the stomach’s axis 
is due not to the actual shifting of the viscus as a whole but to the 
expansion of the lower part of the corpus and particularly of that 
portion which lies to the left. The fundus is well established long 
before birth but it also shares somewhat in the expansion of the left 
part of the corpus following the increase in gastric contents. 
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According to radiographic studies, the transverse position of the 
moderately filled stomach is only characteristic of early infancy. In 
the second or third year the ‘“‘cows-horn”’ form described by Holzk- 
necht for the adult, and somewhat later the “fish-hook” or “sink- 
drain” form described by Rieder, become the more common types. 
In other words, the stomach tends to return to the vertical position 
seen in the fetus. Possibly this change is brought about in part by 
the effect of gravity as the child begins to assume habitually the 
erect posture, and in part by the growth of the lesser pelvis which 
permits a portion of the small intestines to pass into the pelvic cavity 
and thus leaves more space for the stomach to sag downward in the 
abdominal cavity. 

With these changes in form and direction of the axis of the stomach 
the position is also modified. While the stomach retains its transverse 
position its lowest point, which is in the greater curvature, rarely lies 
below the umbilicus even when the viscus is well distended. With the 
development of the ‘‘cows horn” form the pyloris generally les at 
the umbilicus or a little below it. Later, with the development of the 
‘“‘fish-hook”’ form, there is still a greater descent and Sever!?* found 
that in a large series of children averaging 10 to 11 years old who were 
apparently normal, the lowest point of the stomach varied from the 
‘fourth lumbar vertebra to a point well below the iliac crests. This 
position is lower than that ordinarily found in the adult and if this 
author’s observations are correct there must be some ascent of the 
stomach between puberty and maturity. 

Gastric Capacity.—The capacity of the stomach in infancy has been 
tested by a large variety of methods. These may be divided into two 
classes, the physiologic and the anatomic. The physiologic method of 
weighing the child before and after feeding is, on the whole, distinctly 
the more accurate, since it allows the selection of any number of cases 
of which the condition and antecedents can be accurately known; and 
also because single cases may be studied over a considerable period of 
time. The disadvantages of this method are the inability to determine 
accurately the degree of distension of the stomach, without recourse to 
the x-ray, and the possibility of over estimation of the weight of the 
gastric contents through the inclusion of the weight of milk which is 
retained in the esophagus or which has passed into the duodenum. 

These possibilities of error are negligible in comparison to the great 
advantages of the method. The anatomic method consists of intro- 
ducing into the stomach of the cadaver some substance which can be 
easily measured and then determining the amount required to fill the 
organ. Many modifications of this method have been employed, 
chiefly with an eye to securing a “normal” expansion of the stomach. 

Thus Holt®® distended the viscus until the ruge disappeared, Mug- 
gia1!5 and Pfaundlert® filled it at varying degrees of water pressure and 
Mosenthal*? introduced water into the stomach in situ until the organ 
filled its place in the abdominal cavity. Perhaps the simplest and best 
anatomic method is that of Zuccarelli!4° who removed the stomach from 
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the body, distended it with water, and then plunging the organ into a 
vessel of water opened its orifices. As soon as the pressures of the 
water within and without the organ had adjusted themselves the open- 
ings of the organ were again clamped, the organ removed and its con- 
tent measured by pouring it into a graduated vessel. Anatomic 
methods of measuring gastric capacity have the grave disadvantage of 
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Fre. 119.—A semi-diagrammatic graph illustrating the increase in gastric 
capacity in c.c., as determined by anatomic methods, from the fifth fetal month to 
the end of the first year. (Based upon the data of Alliot, Borie, Dargien, Muggia, 
aes and others; and on material collected by the writer. Total ca. 200 
cases. 


being applicable only to material which is often pathologic and of 
giving results which are dependent in a considerable measure on the de- 
gree of contraction of the stomach atthe time of death. Itis only when 
a large series of measurements of this type are available that the 
results are of much value, and then their worth is only a relative one. 

The chief advantage of the anatomic method is that it is possible to 
investigate the gastric capacities of fetuses and of older children, which 
cannot be studied by the physiologic method. 

The average anatomic capacity of the stomach, as determined by 
Zuccarrelli’s method, is about 10 c.c. in the fifth fetal month. It rises 
rapidly to about 20 ¢.c. by the middle of the sixth fetal month but 
thereafter the increase to the close of prenatal life is rather slow. In 
the full-term newborn the average anatomic capacity lies between 30 
and 35c.c. This rises to about 45 c.c. in the middle of the first week, 
and to about 75 c.c. in the second week. At the end of the first month 
of post-natal life the average capacity, as determined by all anatomic 
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methods, is about 100.c.c., ornearly three times that of the child at birth. 
Following the first month there is a period of slow increase 1n anatomic 
capacity which extends nearly to the end of the third trimester. 
During this period the actual capacity is slightly more than doubled, 
and the rate of increase is about 30 per cent. per month or about one- 
tenth that observed in the first four weeks of extrauterine life. At 
the eighth month the curve of anatomic capacity rises rapidly prob- 
ably through the increase of a number of diastolic stomachs in the 
material of this age available for study. 
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Fre. 120.—Graphs illustrating the changes in physiologic gastric capacity as 
shown by the feeding records of 11 full-term children most of whom were entirely 
breast-fed. 


The data upon the anatomic capacity in later childhood are less 
extensive than those regarding the growth in the first year. Probably 
the average capacity in the second year is not far from 500 c.c., about 
550 c.c. in the third year, and in the fourth year about 600¢.c. In the 
latter half of childhood the average gastric capacity probably lies 
between 750 and 950 c.c. 

The average physiologic capacity of the stomach in the first day 
after birth is about 7 gm. This rises very rapidly to about 45 gm. on 
the fourth day when it becomes equal to the anatomic capacity. In 
the second week the average capacity is about 90 gm. Thereafter 
until the end of the first year the average physiologic capacity increases 
at a fairly regular rate of about 20 or 25 c.c. per month. Curves of the 
average physiologic capacity and the average anatomic capacity run 
parallel from about the fourth day after birth until nearly the end of 
the third trimester but the physiologic capacity is generally a little 
greater than the anatomic capacity as determined by the usual methods. 

Curves of the maximum physiologic capacity in the suckling, as 
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determined by averaging the largest meal taken in a given week, are 
found to agree closely in type with those of average physiologic 
capacity although the values are at all times from 25 to 50 per cent. 
greater in the former. Figure 120 shows curves of the average and the 
average maximum capacity in the first year as determined by the phy- 
siologic method. 

The increase in the surface area of the gastric mucous membrane 
during childhood is difficult to determine with any accuracy as it is 
of course dependent upon the degree of extension of the stomach. 
The table of. Dargien,”> which is given below, is the most extensive 
piece of work on the subject. As will be noted from the table, the 
gastric capacities of the several cases agree fairly well with those 
determined by other authors and the areas are therefore fairly accurate. 


Taste 11.—TxHE AREA OF THE Gastric Mucous MEMBRANE IN CHILDHOOD 
(ArTEeR DaratEen’*) 


| Length of the 


Gastric capacity, 


Gastric surface 


Age greater curvature, pea ennai area, square 

centimeters centimeters 
Newborn (1)......... oa 9.5 32 12.0 
New borne(aibe enc. tse 11.0 36 13.5 
Child! mosses. ..ceee 13.0 95 31.0 
Ghild 344 IOs... F-ct 16.0 120 48.0 
Col ile 29) ORs ores esc 70 140 55.0 
Child 654 MObss,. 52-226. 19.0 145 67.0 
Child MOSenee as Se eee 19.0 215 82.0 
Shido mogeane aa 21.0 240 118.0 


The Finer Structure of the Stomach.—The mucous membrane 
of the stomach in the newborn and in early infancy is relatively much 
thicker than in older children and in the adult. The lining gastric 
epithelium is composed of a single layer of high columnar epithelium, 
which is continued into the crypts of the gastric glands. The cells 
lining these crypts are actively secreting mucus at the time of birth. 
The true gastric glands are shorter and broader and branch more 
freely than in the adult. According to the estimates of, Toldt,*8 
about seven gastric glands open into a single crypt in the newborn. 
Parietal or acid cells are present although they are not fully differen- 
tiated at birth. Fischl*® found them fully developed by the end of 
the second year. The total number of gastric glands at birth is esti- 
mated by Toldt!28 as almost 2,000,000 as compared with nearly 
17,000,000 at 10 years, about 22,500,000 at 15 years, and over 25,000,- 
000 in the adult. As these estimates are based in part upon measure- 
ments of the area of the gastric mucous membrane, and as this area 
is in turn dependent upon the degree of expansion of the stomach the 
value of these figures is only relative; but there is, without doubt, 
a tremendous increase in the number of gastric glands during child- 
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hood, and a still greater increase in the number of gastric crypts. 
The post-natal development of the cardiac and pyloric glands has 
not been investigated in detail. Both Fischl and Toldt state ‘that 
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Fia. 121.—Anterior view of a cast of a dissection of th 
ORR at tome (Drawn from a pieparnitan sees feats WB 
ae oe 3 en) ., liver; T.C., transverse colon; U.V., umbilical vein. Three-fourths 
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parietal cells are not found in the pyloric gl i 
yloric glands of child b 
Johnson®* found them in a fetus of 24 em. oe 
The musculature of the stomach, aside from that of the pyloric 
canal and sphincter, is only moderately developed at the time of 


Fic. 122.—A graphic reconstruction, from transverse sections, of the thoracic 
and abdominal viscera of a boy about five years old. A., arch of aorta; A.LS., 
anterior superior iliac spine; B., bladder; Ca., cecum; D., duodenum; L., 
liver; L.K., left kidney; R.K., right kidney; S., sigmoid colon; St., stomach; 
T., trachea; T.C., transverse colon. (After Symington.") 


birth. The longitudinal layer being incomplete over a part of the 
greater curvature. According to Fishel both layers of the muscularis 
mucosa are present at this time. The elastic tissue is very poorly 
developed and is confined mainly to the walls of the arteries. 
Lymph-nodules have been observed in stomachs of the newborn 
but their number is both absolutely and relatively less in childhood 


than in maturity. 
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THE INTESTINAL TRACT 


The Intestinal Tract as a Whole.—The weight of the intestines, 
emptied of their contents, is about 10 gm. in the seventh fetal month. 
During the last two months of fetal life the weight of the intestinal 
mass increases at a very rapid rate so that the average weight in the 
full-term newborn is nearly 50 gm. There are no accurate figures, 
so far as I am aware, on the weight of the intestines in normal children.* 


\ 

Fria. 123.—A graphic reconstruction, from transverse sections, of the thoracic 
and abdominal viscera of a girl about five years old. A., aortic arch; B., bladder; 
Ca., cecum; D., duodenum; L., liver; R.K., right kidney; 8., sigmoid colon; Se 
splenic flexure; St., stomach; T., trachea; T.C., transverse colon; U., uterus. 
(After Symington. 1‘) 

* A small series of weighings of the intestines of children has been published 
by Muhlmann. But Muhlmann’s figures on the weight of the intestines in the 
newborn and adult are so different from those of other observers that the value of 
the whole series can probably be questioned. 
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In the adult Messedaglia and Vainanidis found the average absolute 
weight to be approximately 490 gm., nearly 10 times greater than 
that of the child at birth. The relative weight of the intestinal mass 
decreases from about 1.5 per cent. in the infant to about 0.75 percent. ° 
in the adult. 

The length of the intestines at birth is quite variable and this 
variation does not seem to be intimately associated with that of body 
length or weight. In 25 full-term newborn children I find the average 
length of the total intestinal tract, from pyloris to anal canal, to be 
338.5 cm. In this series the maximum length was 461 cm. and the 
minimum 336 cm. This average is somewhat greater than found by 
most observers, probably because all premature children were ruled 
out. The intestinal tract increases about one-third in length during 
the first year of life. Thereafter the growth is much slower. The _ 
absolute length of the intestines in the adult is approximately twice 
that of the newborn. The ratio of the length of the intestine to the 
length of the entire body is much greater in the infant than in the 
adult. The ratio in my series of newborn children was as 8.3 :1 and 
in Messedaglia’s and Vainanidis’ series of adults as 5.4:1. Beneke®® 
found the ratio in the adult to be still lower (4.5:1). This change in 
the relative length of the intestine is not due so much to the reduced 
rate of lineal growth of the intestine as to the rapid growth of the lower 
extremities for if the length of the intestine is compared with that 
of the trunk less change is observed. Thus Debele’® found this rela- 
tion in children of the first month to be 1:16.6, in those of the entire 
first year 1:18.5 and in those between 9 and 10 years 1:15.9. Fehling 
similarly found little difference between the intestine-trunk ratio in 
the newborn and the adult. The ratio between the length of the large 
intestine and small intestine remains almost unchanged throughout 
post-natal life. 

Passow’s!!7 data show that the surface area of the intestinal tract 
increases approximately fourfold between infancy and maturity. This 
result is based on gross measurements of the inner surface area of the 
canal. The actual increase in intestinal epithelial area is actually 
somewhat less, as there is a relative decrease in the number of intestinal 
folds and villi after birth. 

Further details of the dimension and growth of the intestines will 
be found in the following table and in the paragraphs dealing with the 
several segments of the intestinal tract. i 

The shape of the intestinal mass in the newborn and infant is quite 
different from that of the adult. On opening the abdomen in the infant 
the intestines present an oval anterior surface bounded above by the 
liver and left costal margin, and below by the brim of the pelvis. 
Owing to the great relative breadth of the abdomen and the large size 
of the lever, the greatest diameter of the anterior surface of the intes- 
tinal mass is transverse in the infant whereas it is vertical in the adult. 
The mass is indented in the anterior median line by a wedge shaped 
depression which is occupied by the large abdominal portion of the 


320 A SUMMARY OF THE ANATOMY OF THE INFANT AND CHILD 


bladder. In medial sagittal section, the intestinal mass appears as an 
acute scaline triangle with its base formed by the anterior abdominal 
wall, its shorter side by the inferior surfaces of the stomach, spleen, and 
' liver; and its longer posterior side by the psoas and iliacus muscles, the 
spine and the iliac crests, and the kidneys and suprarenals. In the new- 
born the intestines are almost equally divided between the right and 
left sides of the abdominal cavity. The rectum usually is the only part 
of the intestines which lies in the pelvic cavity at birth. It is not until 
after infancy that any considerable part of the small intestines descends 
into the lesser pelvis. 

The Finer Structure of the Intestinal Tract——The most striking 
characteristic of the infant’s intestine, as seen in section, is the com- 
paratively weak development of the muscular layers. In the child at 
birth and for sometime thereafter the mucosa, submucosa and muscu- 
laris are of equal thickness. In the adult the muscularis is as thick as 
the mucosa and submucosa combined. The longitudinal layer of 
muscle is particularly thin in the newborn. ~ These observations hold 
good for the entire intestinal tract. 

In the newborn the villi are distributed the entire length of the 
small intestine as in the adult. The villi increase rapidly in number 
during the later part of fetal life according to the observations of 
Johnson. Hilton has estimated the number in the newborn at 1,000,000 
whereas the number present in the adult intestine is generally estimated 
at from 4,000,000 to 6,000,000. Nothing is known of the rate of increase 
in post-natal life or when this increase ceases. ; 

The intestinal glands or crypts of Lieberkuhn are but half as long 
although almost as thick in the newborn as the adult. Their number 
increases greatly during childhood. This is probably brought about 
mainly by the longitudinal division of existing glands, and not by the 
evagination of the surface epithelium of the intestine. At the time of 
birth many glands are apparently in the process of division being 
bifurcated at their bases. Goblet cells are quite as numerous in the 
intestinal glands of children as of adults. 

The post-natal development of the duodenal glands or glands of 
Brunner has never been studied in detail. They are said to be smaller 
and less branched in the newborn than in the adult. 

Lymphoid tissue is present both in the large and small intestine at 
the time of birth. Asa rule, it is in the form of diffuse masses without 
definite germinal centers. There is a marked increase in the amount of 
lymphoid tissue during the first year, and germinal centers generally 
make their appearance within a few weeks after birth. Passow!!7 
found the relative number of both solitary and aggregated lymph- 
nodules (Peyer’s patches) greater in children than in adults. The 
existence of lymph-nodules in the appendix at birth has been denied by 
some investigators but they are certainly present at this time as is 
shown by the studies of Sudsuki'** and Johnson®® and by the recon- 
structions of Hines, one of which is reproduced in Fig. 125.3! There is, 
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no doubt, some increase in the number of nodules in the appendix 
during the first year as in other parts of the intestinal tract. 

The elastic tissue of the intestine of the newborn is confined almost 
entirely to the walls of the blood vessels. It increases greatly during 
the first few months of post-natal life. 

The distension of the large intestine by meconium in the latter part 
of fetal life has a marked effect upon the structure of its walls. All of 
the layers are reduced in thickness, the intestinal glands become much 
shorter and broader and the intervals separating them are increased. 
The villi, which are present in the large intestine during the greater 
part of fetal life, are also shortened, broadened and separated. These 
changes are described in detail by Johnson.° 

The Small Intestine (Figs. 121, 122, 123, 132, 147, 151, 155).—The 
small intestine is from 300 to 350 cm. in length in the full-term newborn 
child (average of 25 cases 338. 5 cm.). Its length increases about 50 
per cent. in the first year of life and is approximately doubled by 
puberty. Great individual variations in the length of the small intes- 
tine are encountered in children. 

The arrangement of the intestines in the newborn has been studied 
by Mall!" on hardened material. He found the attachment of the 
mesentery to be along a curved line extending from the left hypo- 
chondriac region to the right iliac fossa. The intestines were arranged 
in coils along this line crossing and recrossing it. The convolutions 
lying above and to the left of the mesentery were arranged in coils with 
their planes at right angles to the body while those lying below and to 
the left were arranged with their planes perpendicular to the body 
(Fig. 121). 

The duodenum is from 7.5 to 10 em. long at birth. The annular 
type of duodenum is the commonest in the newborn and suckling 
although the U-shaped type is seen occasionally. The superior end 
of the duodenum in the newborn lies at the level of the first lumbar 
vertebra, or the intervertebral disc below it. The inferior end lies at 
the same level or a little lower. The loop of the duodenum extends 
from 1 to 1.5 cm. to the right of the median line and is often directed 
downward so that the lowest point on the loop may lie no more than a 
centimeter above the right iliac crest. The inferior end of the duodenum 
is often lodged in the notch in the lower border of the stomach between 
the pyloric vestibule and the pyloric antrum. Figures 132, 147 show 
the form and relations of the duodenum in the late fetus and newborn. 

The Large Intestine (Figs. 121, 122, 123, 124, 125, 126, 127, 129, 
132, 147, 151, 153, 155).—The cecum in the infant is much smaller 
relatively as well as absolutely than in the adult. Charpy, in a series 
of newborn children, found the average capacity to be 2.5 ¢.c., the 
average length 15 mm. and the average breadth 17 mm. Thus, as 
in the adult, the cecum of the newborn is broader than it is long. At 
birth the cecum almost always presents a smooth external surface. 
Two main types can be recognized: First, the “dropped cone” type in 
which the cecum tapers gradually into the vermiform process which 
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lies directly below it; and second, the “‘b-type” tn which the lower 
extremity of the cecum together with the vermiform process, is bent 
upward at an acute angle with the upper part of the sac. The “p- 
type” is much the commoner of the two. No sharp line of demarka- 
tion can be recognized between the cecum and vermiform process in 
the majority of infant specimens; the cecum tapers into the process 
through an ill-defined conical termination which Parsons!" has termed 
the conus appendicis. 


E F 
Fie. 124.—Six examples of the cecum and appendix of the newborn. These 
specimens were taken at random from the autopsy room and have not been selected 
to show unusual variation. All natural size. 


The taenia of the cecum are present but ill-defined at the time 
of birth. The haustra are absent in the newborn if the intestine is 
distended with meconium but appear in the first six months of post- 
natal life. With the development of the haustra the sacculations 
of the cecum make their appearance but it is not until the third or 
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fourth year that the typical sacculated cecum of the adult is fully 
differentiated. ; 

Toldt!2° has pointed out that the ilio-cecal valves are produce 
by the bending of the cecum and vermiform process upon the colon. 
This process takes place in early fetal life so that the leaves the valves 
are well established before birth. They increase greatly in length 
in the later fetal and the early post-natal months. 


Fia. 125.—A graphic reconstruction, from transverse sections, of the cecum 
and appendix of a full-term, still-born child showing the number, form and distribu- 
tion of the lymphoid masses which are indicated in stipple. Ap., appendix; 
Ca., cecum; C.A., conus appendicis; Il.,ileum. Twicenaturalsize. (Reconstruc- 
tion by Dr. Charles Hymes.) 


Contrary to the common opinion often expressed in text-books, the 
position of the cecum in infancy and childhood and is not more elevated 
than in the adult. This is strikingly shown in the table of findings 
of Legueu!® which is given below. The observations of other investi- 
gators, including my own, confirm those of Legueu. Vallée1%! found 
the cecum below the right anterior superior iliac spine in nearly three- 
fourths of the hundred infants which he examined. Smith,?7! in a 
series of over 1000 autopsies on infants, found the cecum undescended 
in about 6 per cent., in the right iliac fossa in about 85 per cent., and 
in the pelvis in nearly 10 per cent. 

The axis of the cecum is usually either vertical or else ascending 
and directed a little to the right. The posterior surface of the cecum 
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in infancy is generally in contact with the lower part of the right 
kidney, the crest of the ilium, and the upper part of the ilio-psoas 
muscle. The anterior surface is covered by coils of the small intestine 
and often by a loop of the sigmoid flexure of the colon. 


TaBLEe 13.—TuE Position or THE Crcum In Inrancy (Arrer Leaunvu?) 


Position of cecum 
Numb 
Age Sex Ba — Lumbar | lliac | Pelvic 
Number | Per cent. | Number | Per cent. | Number | Per cent. 

Birth to m. 32 2 6 25 78 5 16 
three years i 18 1 6 10 56 7 39 
Both 50 3 6 35 70 12 24 

Adult... ... m. 100 3 3 82 82 15 15 
£. 100 1 1 62 62 37 37 

Both 200 4 2 144 72 526 26 


The appendix or vermiform process of the newborn varies in length 
from 2 to 8 em. Extraordinary cases having a length of 10 cm. or 


4 .—F diographs showing the form and position of the rectum and sig- 
oe aa open aa poe (After Peteri, Jahrb. f. Kinderheilk., Bd. 82.) 


more have been reported. The statement, occasionally made, that 
in relation to the large intestine the appendix is relatively longer in 
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the infant than in the adult is not verified by the data I have examined. 
The diameter of the appendix at birth varies from 2 to 6 mm. The 
appendix increases in length quite rapidly during the first year of life 
attaining an average length of from 8 to 10 cm.; thereafter its growth 
is very slow and irregular. 

As stated in the section on the cecum, the appendix is generally 
connected with the cecum by an enlarged and rather indefinite basal 
segment, the conus appendicis. 

The direction of the appendix in the suckling is as variable as in 
the adult. In a hundred infants examined by Vallée it was found 
to be horizontal in 32 per cent., oblique in 10 per cent., vertical-ascend- 
ing in 34 per cent., and vertical-descending in 24 per cent. 

In some hundred and fifty cases collected by Liertz,!°? Vallée, 1%? 
and the writer, the appendix lay medial to the cecum in one-half, 
retrocecal in one-third and free below in over one-tenth of the instances. 
The remainder were irregular in position but in only two cases in the 
series, one a premature, was the appendix lateral to the cecum. 
Vallée found the appendix lying above the anterior superior iliac spine 
in 72 per cent., below the spine in 22 per cent. and in the true pelvis 
in 6 per cent. of his hundred cases. 

The opening from the appendix to the cecum may be guarded by 
a crescent-fold of mucous membrane known as the valve of Gerlach 
(Valvula processus vermiformis BNA). Sudsuki!*® found this struc- 
ture present in over half of the appendices of children of 10 years or 
younger which he examined; and present in slightly less than one- 
fourth of the adults. 

The ascending colon is relatively as well as absolutely shorter 
in the newborn and suckling than in the adult. This is due not to 
the position of the cecum, which is at least as low as in maturity, 
but to the small dimensions of the lumbar region. The ascending 
colon may either pass directly upward or, more commonly, upward 
and to the left. Posteriorly, the ascending colon is in contact with 
the left kidney and the lower part of the right suprarenal. The 
anterior relations vary considerably: Sometimes the entire ascending 
colon lies under the cover of the left lobe of the liver, but usually a 
few coils of the small intestine come in contact with the lower part 
of its inferior surface. 

Because of the frequent obliquity of the ascending colon the left 
colic or hepatic flexure is often poorly marked. 

The transverse colon is relatively long in the young infant. It 
may pass straight across the abdomen, form a gentle curve with its 
convexity directed downward, or be thrown into a series of short 
abrupt curves. In the newborn the transverse colon may lie entirely 
under the cover of the liver but ordinarily it projects below the margin 
of the left lobe from a point a centimeter or so to the left of the median 
line. The greater part of this projecting portion comes in direct 
contact with the anterior abdominal wall, for the greater omentum 
is not developed sufficiently at this time to fully cover it (Fig. 121): 
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The transverse colon is in contact with the duodenum, with the head 
of the pancreas, often with the anterior surface of the kidney 
posteriorly, and with the stomach and first part of the duodenum 
superiorly. 

The splenic, or right colic, flexure is well marked in infants. 
According to the observations of Fleury,?2° it generally reaches the 
level of the ninth or tenth rib, while in adults its apex usually lies at 
the level of the seventh or eighth rib. Contrary to the usual descrip- 
tion of the splenic flexure, I find that the colon is almost always in 
contact with the spleen at birth and that its impression forms a 
considerable area on the medial side of that viscus. 

The descending colon is comparatively short. It is in contact 
with the left kidney and the quadratus lumborum. 

The sigmoid colon is the most striking part of the large intestine 
in the newborn. It is generally enormously distended with meconium 
and, as the lesser pelvic cavity is too small to contain any considerable 
part of it, it projects far upward into the abdomen. The sigmoid 
colon may take a variety of forms for which several classifications have 
been suggested. Following that proposed by Bourcart,” three main 
types can be recognized—the ascendant, the transverse, and the descen- 
dant. The ascendant type is by far the commonest—being found in 
80 per cent. of all cases by Bourcart and 75 per cent. by Gysi.®! In 
this type three intestinal loops are formed. The first is small with 
its apex directed downward, and lies in the left iliac fossa. It passes 
over into the main loop which is directed upward into the abdominal 
cavity and which may reach the level of the umbilicus or even higher. 
The descending limb of the main loop joins the small third loop which 
passes into the lesser pelvis. In the second type, the main loop of 
the sigmoid passes transversely across the lower part of the abdomen 
and its apex is lodged in the right iliac fossa. ‘Twenty to 25 per cent. 
of sigmoid flexures are of this variety. In the third type, which is 
quite unusual, the sigmoid passes directly over the left iliac fossa 
into the lesser pelvis. The main loop of the sigmoid colon is almost 
always in front of the small intestines and in contact with the anterior 
intestinal wall. In one-half of all cases a part of the sigmoid colon lies 
in the right iliac fossa. 

The rectum is relatively longer at birth and in early life than 
in the adult. While the lower part of the tube descends vertically 
and is straighter in infancy than in later life, the upper portion is 
usually directed to one side of the pelvis, more commonly to the right. 
The pars analis recti lies completely below the level of the tip of the 
coceyx at birth, (Johnson’®), and the anal opening is somewhat 
posterior to its adult position. The rectal sinuses and columns, and 
the transverse rectal folds are all differentiated sometime before 
birth, although the latter may be temporally obliterated in the new- 
born by the distension of the upper part of the rectum by meconium. 
In the infant, the peritoneum extends downward in front of the rectum 
to the level of the fourth sacral vertebra (Ballantyne’). 
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THE PANCREAS (Figs. 132, 147, 151, 156) 


Until the sixth month of fetal life the pancreas is extremely small 
both relatively and absolutely. In the sixth month, however, histo- 
logic evidences of secretion appear in the gland and with these there 
is a marked increase in the rate of the growth. In the newborn the 
pancreas weighs from 2.0 to 2.5 gm. and forms about 0.07 per cent. 
of the total body-weight. During the first two months of post-natal 
life the gland apparently increases little in mass; but between 
three and six months its weight is doubled, and by the end of the first 
year_it weighs about 10 gm. The relative as well as the absolute 
weight of the pancreas increases during the first year. Between one 
and three years the gland is again doubled in weight but after the 
third year its growth is much slower. The weight of the pancreas in 
the adult is over 30 times that of the newborn. 

Microscopic sections of the pancreas at birth show the alveoli 
arranged in compact masses which are separated by wide connective 
tissue septa. The alveoli are fewer in number in each lobule, and are 
smaller individually than in later life; and the smaller ducts are more 
in proportion to the amount of parenchyma. Secretory granules 
can be demonstrated in the alveolar cells after the sixth fetal month. 
The finer vascular supply is noticeably richer in the newborn and in 
the first few months of life than later. 

The relative number of islets of Langerhans is greater in the new- 
born than in later life. The extensive micrometric studies of Wilms?%8 
showed a reduction of four-fifths in the relative number of islets per 
square millimeter of both the head and tail of the pancreas between 
’ three months and four years. Clark,’? whose technique is much 
superior since he used modern intra vitam staining methods immedi- 
ately after death, also found a slightly greater relative number of islets 
in the infant than in the adult. The actual total number of islets is 
apparently greatly increased. Clark estimated that the number in a 
child of six months to be 120,323 while the average number similarly 
estimated for six adults was over 800,000. The reported smaller size 
of the islets in infancy is open to doubt since they have not been 
measured after preparation by modern methods. In infancy, islets are 
found in the interlobular connective tissue and at the peripheries of the 
lobules as well as within them. The islet cells are smaller and less 
distinct than later. Their connective-tissue support and capsule is 
also less developed. Most of the distinguishing microscopic character- 
istics of the newborn’s pancreas disappear during the first year of life. 

The pancreas is from 4 to 6 cm. in length and from 1 to 2 em. in 
thickness in the newborn. As in the adult, the subdivisions of head, 
body, and tail can be distinguished although there is no sharp line of 
demarkation between the last two portions. The head forms a some- 
what greater part of the gland in the newborn than in the adult. The 
surface markings are less pronounced at birth than later, particularly 
the tuber omentalis which is generally only a small papilla. At this 
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time the pancreas lies at the level of the second or third lumbar 
vertebre. The head is enclosed in the loop of the duodenum and 
comes in relation with the aorta and vena cava behind, and the trans- 
verse colon anteriorly. The body is directed to the left and generally 
upward as well. The tail is either continued upward and to the left in 
line with the body or, less commonly, is bent downward at a blunt 
angle to it. The tail and body are triangular in cross-section having 
superior, inferior, and posterior surfaces. The superior surface is in 
contact with the stomach and, near the head, with the papillary process 
of the liver. _ To the left the posterior surface comes in contact with the 
left suprarenal or left kidney, generally the former, and with the spleen. 
The slight changes in the position and relations of the pancreas in 
later childhood have not been investigated. 

Distension of the stomach causes a flattening and widening of the 
superior and posterior surfaces of the pancreas with a reduction of its 
inferior surface. Distension of both the stomach and intestines flattens 
the organ anteroposteriorly and causes a considerable diminution in 
the area of its posterior surface. In the second instance, the viscus 
is projected forward, shelf-like, and increases the area of the bed of the 
stomach; in the first, it is flattened against the posterior abdominal 
wall (Jackson®®). 


THE LIVER (Figs. 121, 122, 123, 127, 128, 129, 130, 131, 132, 151, 163) 


The liver of the full-term newborn child generally weighs between 
120 and 150 gm. The average weight in a series of over 100 cases 
collected by the writer from the literature and from personal observa- 
tion was 135 gm. All cases of known or suspected lues congenita 
were omitted from this series. The weight of the liver is more than 
doubled in the first year and tripled in the third. By the ninth year 
the liver has increased six times and by puberty nearly 10 times. 
The total increase in the weight of the liver between birth and maturity 
is about twelve- or thirteen-fold.. The organ forms about 4 per cent. of 
the body weight at birth, 3 to 4 per cent. during the greater part of 
childhood and 2.5 to 3 per cent. in the adult. As the liver is, one of 
the most variable organs in weight in the body, the statements given 
above are to be regarded as approximations only; and specimens 
which are apparently normal may be far above or below the given 
averages. 

There are a number of records of the dimensions of the liver in 
childhood, but most of these are of little value because they are based 
upon measurements of the fresh specimens removed from the body. 
Ruge, 21 who studied a few specimens which had been properly hardened 
in situ, found that the average height was about 8 cm., the average 
breadth about 11 cm., and the average thickness about 7.5 cm. Thus 
the height and breadth are about one-half the adult dimensions and the 
thickness about two-thirds. Although I have made no series of 
measurements on the newborn I am inclined to think that Ruge’s 
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measurements will be found distinctly above the average if an extensive 
series of specimens is examined. 

According to Ruge’s studies, the breadth of the liver in the newborn 
is to its thickness as 1.4 or 1.47: 1 while in the adult this relation varies 
from 1.3:1 to 1.8:1. The relation of breadth to height was as about 
1.4:1 in the newborn and 0.95:1 to 1.2: 1 in the adult. 


Umbilical Vein- 


Fig. 127.—An outline of the interior surface of the liver of a newborn child 50 
cm. long, showing areas of visceral contact. Natural size. 


Several tabulations have been published of the dimensions of the 
liver in childhood as determined by palpation and percussion. Among 
the more important are those of Dauchez,’® and of Frerichs.88 The 
latter is quoted below. 


Taste 14.—THeE VertiIcAL DIAMETER OF THE LIVER IN CENTIMETERS AS DETER- 
MINED BY Percussion (AFTER FRERICHS®S) 


At right axillary | At right mam- | At right sternal 


Age line mary line line 


Under 2 years.......... 4.5 3.8 2.4 
tO 4 Gi V ORTS it ones nievieveus & 5.8 4.4 3.7 
GutomlOlvears. crise aac 7.5 6.8 3.3 
TOGUOULO VERT s satste ererncte 71 7.6 4.4 
Torto 20%yearsic 2.) tke 8.9 8.9 5.9 
20 to 40" years. i... 3c oe 9.4 9.5 5.8 


Although the left lobe of the liver is somewhat larger relatively in 
early life than in maturity, this difference has apparently been greatly 
exaggerated. Kovalski’s!®° series of weighings indicate that the left 
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lobe forms a little over one-third of the organ in the newborn and 
young infant and from one-third to one-fourth in later childhood and 
adolescence. Probably most of the apparent decrease in the relative 
size of the left lobe as seen in situ in the abdomen is due to the shifting 
relations of the organ during early life. 

At birth the liver fills about two-fifths of the abdominal cavity. 
Its anterior surface occupies practically all of the right hypochondriac 
as well as a considerable portion of the upper umbilical and left 
hypochondriac region. On the right side its inferior margin lies 
about 1 to 1.5 em. above the right iliac crest. From this point it 
_ extends upward and to the left, to pass under the left costal arch at 
the level of the seventh to tenth rib. The inferior margin is slightly 
convex from above downward and usually lies about 1 em. above the 
umbilicus in the mid-line. The upper margin of the liver generally 
lies at the level of the fifth or sixth rib on the right and the sixth or 
seventh rib on the left side. According to Ballantyne! the anterior 
surface of the liver in the normal newborn infant corresponds in vertical 
extent to the last four thoracic and the first two lumbar vertebre. 

The visceral relations of the inferior surface of the liver in the 
young infant are illustrated in Figs. 127, 156. The lower surface of 
the left lobe is in contact with the spleen, stomach, lower part of the 
esophagus, a small portion of the transverse colon, and sometimes a 
little of the left suprarenal. The right lobe is in contact with the 
right kidney and suprarenal, and a large part of the transverse colon. 
The pancreas comes in contact with the papillary process of the caudate 
lobe, and the duodenum touches the posterior margin of the quad- 
trate lobe or the porta. The areas of contact of the stomach 
and transverse colon vary greatly with the distension and contrac- 
tion of these structures. Sometimes, when the colon is considerably 
contracted, the small intestines come in contact with a large 
part of the lower surface of the right lobe. In cases of incompletely 
descended cecum both this structure and the ascending colon form 
distinct impressions on the inferior surface of the liver. 

Accurate studies, by modern anatomical methods, of the topog- 
raphy of the liver in later childhood are practically lacking because 
of the great difficulty in securing normal and well preserved material. 
The reconstructions of Symington which are reproduced in Figs. 122, 
and 123 give some idea of the position of the viscus in the middle years 
of childhood but the liver in the older individual (Fig. 123) is distinctly 
enlarged. Studies of the topography of the liver by means of percus- 
sion and palpation have generally shown that the anterior surface of the 
organ is gradually covered more and more by the diaphragm and 
costal arches, and that the anterior surface of the left lobe becomes 
relatively much smaller. However Cruchet and Sérége," examining 
160 cases, found that the inferior margin of the right lobe rapidly 
approaches the right costal margin until the second year when it 
again begins to descend until about the middle of the second period 
of childhood. After this time, a second period of ascent occurs ending 
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in adolescence with the right liver margin at the usual normal adult 
position. These authors found much more variation in the topog- 
raphy of the right lobe than the left lobe of the liver. i he descent of 
the right margin after the first year is possibly due in part to the 
change from a milk to a mixed diet, which has been shown to increase 
the volume of the liver, and in part to the effect of gravity after the 
erect posture becomes habitual. Figures 130, 131 show the results 
of these authors in graphic form. 


UD 
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Fia. 128.—A transverse section through the upper portion of the abdomen of a 
full-term newborn child. Ao., aorta; C., splenic flexure of colon; L., liver; P.C., 


pleura cavity; S.l., left suprarenal; S.r., right suprarenal; S., spleen; St., stomach. 
Natural size. ; 


The changes in the relation of the liver to the stomach and spleen 
are discussed in connection with these organs. 

The lobular structure of the liver is not striking in the newborn or 
in the first few months of post-natal life, although vascular areas 
which will later be mapped off into permanent lobules can be distin- 
guished. According to the observations of Kovalski,!° the definite 
mapping out of the lobules takes place toward the end of the first 
year and the adult appearance is not acquired until after the first 
period of childhood. In early infancy the hepatic trabecule are 
arranged in a wide meshed network and their final radial position is 
only acquired as the definite lobulation of the hepatic parenchyma 
takes place. There seems to be some reduction in the average number 
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of cells surrounding the bile capillaries after birth, although this 
change is apparently a very irregular one. According to the measure- 
ments of Toldt and Zuckerkandl,'° the average dimensions of the 
liver cells are almost doubled between birth and maturity but the 
average size of the nuclei is slightly reduced. Cells containing two 
nuclei are found at birth and in early life asin maturity. Fat droplets 
of considerable size are found in the hepatic cells in later fetal life 
and at birth. . Pigment granules are also present in the newborn but 
are not as prominent as in later life. Clusters of developing blood- 


corpuscles are still found in the liver at birth but disappear very 
shortly thereafter. 
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Fia. 129.—A transverse section of the upper portion of the abdomen of a girl 
3 years old. Ao., aorta; I.V.C., inferior vena cava; K., left kidney; L., liver; 
P.C., pleural cavity; S.l., left suprarenal; S., spleen; S.r., right suprarenal; St., 
stomach. Two-thirds natural size. (After Dwight.*) 


At birth, hepatic parenchyma extends into the left, portion of the 
coronary ligament and sometimes into the falciform ligament as well. 
This portion of the liver substance undergoes involution, probably 
as the result of pressure. Some remoulding of the liver, through the 
involution of certain parts, probably takes place after birth but the 
greater part of this process undoubtedly is accomplished in later fetal 
life. As has been remarked, the concept of a pronounced degenera- 
tion of the left lobe in post-natal life is not supported by the observa- 


tions of Kovalski. 


. 
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The gall-bladder of the young infant is relatively small. It is 
usually more embedded in the liver substance than in later life and 
has a proportionately smaller peritoneal surface. At this time the 
sac may be crossed by bands of hepatic substance which in many 


Fig. 130.—A diagram illustrating the position of the liver in chi 
cae ara a en position of liver in second year; 2 oe of oe 
in : i i ; 
uf " not 00 , axillary line. B, mammary line. (After Cruchet and 


cases undergo involution in later life. Often the 

extend to the margin of the liver at birth. ri ate int 
Gundobin) found that the capacity of the gall bladder increased seas 
rapidly in the first two years during which time it acquired the sone 
relative size, in comparison to the liver weight as in the adult. There- 


after the increase in liver weight and gall- . : 
proportional. - gall-bladder capacity is 
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THE RESPIRATORY SYSTEM 


THE NOSE AND PARANASAL SINUSES (Figs. 107, 133, 135, 137) 


An even moderately full discussion of the post-natal development 
of the nose and paranasal sinuses would require an amount of space 
and illustration which is not available in a summary like the present 
one. I shall therefore limit my description to a bare outline of the 
subject, referring the reader to the accounts of Disse,!44 Davis,“ 
Killian,’*° Onodi,!®* Schaeffer?9, 160, 161 and Torrigiani!® for detailed 
information. 
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Fie. 131.—A graph showing the distance of the inferior margin of the liver 
below the right costal margin at different periods in childhood. (After Cruchet 
and Sérége.74) 


ICyrs. 


The nasal cavities of the newborn are low, broad, and relatively 
long. The height of the cavity, according to the measurements of 
Disse and Feldberg (quoted by Gundobin’) is 18 to 19 mm. This 
height increases nearly one-half in the first year but grows much 
slower thereafter. At seven years it is about double and in maturity 
from two and one-half to three times that of the infant at birth. 
The length or anteroposterior diameter of the nasal cavity is difficult 
to measure accurately. Judging from measurements of the hard 
palate at the median line it is doubled in the first seven years and after 
this time grows very little. The transverse diameter of the cavity meas- 
ured at its base is about 7 mm. in the newborn, it increases very slowly 
to about 9.5 mm. in the first five years, and is about doubled by matu- 
rity. The nasal cavity may ‘be divided into ethmoid and maxillary 
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Fia. 132.—Dissection of the posterior abdominal wall of a newborn child that 
had lived about ten hours. The liver, the greater part of the small intestine, the 
transverse colon and the greater part of the stomach have been removed. B: 
bladder; C., cecum; C.a., ascending colon; D., duodenum; K., kidney; P., pancreas; 
S., sigmoid colon; Sp., spleen (somewhat enlarged); S.r., right suprarenal; St., 
cardiac end of stomach; U.A., umbilical arteries; U.V., umbilical vein; V.C., vena 
cava inferior. Natural size. 
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portions corresponding respectively to the parts bounded by these 
bones. The ethmoid part forms approximately two-thirds of the 
nose at birth. During the first year the maxillx grow very rapidly 
and from the second year on the two portions are about equal in 
height. 

The nasal conche are all differentiated during fetal life and the 
upper ones, the conche suprema I, II and III of Schaeffer, are often 
better marked in the fetus and newborn than in the adult. For the 
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Fie. 1383.—A median sagittal section of the head of a full-term, newborn child. 
Natural size. Figure 134 is an outline drawing of a part of the same section iden- 
tifying the principal structures. 


details regarding their form and divisions the reader is referred to the 
work of Schaeffer and of Davis, and for statistics regarding their post- 
natal growth to Disse and to Feldberg. ‘The lower margin of the 
inferior concha is frequently in contact with the floor of the nasal 
cavity at birth, and a functional inferior nasal meatus can hardly be 
said to exist during the first year or two of post-natal life. The nasal 
septum is long anteroposteriorly and low vertically in the young infant. 
At this time it is composed almost entirely of cartilage. The septum 
is straight at the time of birth and for several years thereafter. Its 
frequent deviation in later life has been explained both on the basis of 
its rapid growth (as compared with the lateral walls of the nasal 
cavity) and also on the basis of the irregular eruption of the Ea 
incisor teeth (Mosher). Small parallel ridges representing septa 
concha are sometimes found on the septa of newborn children. 
Vou. I—22 
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The height and breadth of the posterior nares or choane are about 
equal at the time of birth (5 to 7 mm.). According to Disse, these 
openings double in size in the first six months, remain stationary until 
the end of the second year, and then enter on a second period of rapid 


Fig. 134.—An outline drawing of a portion of the section shown in Fig. 133 with 
identifications of the chief structures. 


growth. The height of the openings increases much more rapidly 
than the breadth and the ratio between height and breadth, which is 
about 1:1 at birth, is about 3:2 at three years and 2:1 in the adult. 


THE MAXILLARY SINUS 


The maxillary sinus, or antrum of Highmore, arises in the third 
month of fetal life as a small outpouching from the lateral wall of the 
ethmoidal infundibulum. The neck of the pouch remains small and 
forms the ostium maxillare while the distal portion enlarges to form 
the sinus proper. The form of the sinus is dependent on that of the 
maxilla which it soon invades. At birth it is a cavity from 8 to 10 mm. 
in length anteroposteriorly and 3 to 5 mm. in diameter transversely and 
vertically. The growth of the sinus in post-natal life proceeds parri 
passu with that of the body of the maxilla. According to Davis, its 
anteroposterior diameter increases about 3 mm. per year and the 
vertical and transverse diameters about 2 mm. per year until the eighth 
year of life. After the eighth year the growth of the sinus is slower in 
all directions until the fifteenth to the eighteenth year when the adult 
type is approximately reached. While the sinus is almost tubular in 
the newborn and young infant it is more or less ovoid in the earlier 
part of childhood; its pyramidal form is acquired after the erruption of 
the permanent dentation. At birth the floor of the maxillary sinus 
lies distinctly above that of the nasal cavity. It descends slowly 
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during the greater part of childhood. Table 15 is a summary of the 
extensive series of measurements of the sinus published by Davis. 


TasLe 15.—Tue Growrtx or THE Rigut MAxinyary Sinus 
(Summarized from the Tables of Davis!‘*) 


Diameters in millimeters 
‘A Number of 
3 Ant 
ars Vertical Transverse Tt 
posterior 
8 daystolyr......... 10 | 5.4 £27 13.4 
WEtOcSt ys ee se sat. ok. 18 8.6 aed 18.9 
Ste Gyre ema Oz 17 12.2 11.9 24.7 
eT Oi pee ee 18 19.0 16.4 28.4 
Oba Ue yres acca & 5 20.5 17.4 28.7 
LAS ORVERG. 05 Sucwask s 5 Pa te a | 24.9 


THE SPHENOIDAL SINUS 


The sphenoidal sinus arises in the early part of the third fetal 
month from the upper and posterior part of the spheno-ethmoidal 
recess. The sinus is well marked although minute at birth. It grows 
rather slowly during the first four or five years of life. After the fifth 
year its growth is much more rapid and its adult dimensions are 
attained early in adolescence. Davis has pointed out that at first the 
sinuses grow faster posteriorly and laterally than they do medially. 
As a result the septum separating them is much thicker in the infant 
than in older children or adults. 


Tasie 16.—TuHE GROWTH OF THE RIGHT SPHENOIDAL SINUS 
(Summarized from the Tables of Davis!4%) 


Diameters in millimeters Thickness 

Won | Number of septum, 
| of cases Vertical | Transverse CN milli- 
posterior meters 
SOAR VEO LT... 10 2.8 2.0 1.6 7.0 
en nls 18 4.8 $7 2.3 Fos 
SOOM OVV IS ke 2s es tll 17 6.3 5.2 4.1 Gab 
LOR VOT teresa ce anal 18 11.9 8.9 9.1 3.0 
SLO ay Tac ears 0) 20. 2° 5 | 11.4 11.3 | 10.8 2 
V2.00). 15 YTS... 2-2 ye = =e 5 15.3 iii) | 13). 1 2.9 


THE FRONTAL SINUS 


The frontal sinus arises from the anterior and superior extension of 
the middle nasal meatus which is known as the frontal recess. The 
frontal recess can be found as early as the end of the third or the begin- 
ning of the fourth fetal month but the definitive frontal sinus is only 
occasionally recognizable at birth, and may not be present until the 
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second or the third year of post-natal life. The exact method of origin 
of the sinus varies in different individuals. It may arise as an exten- 
sion of the entire frontal recess; from one of the anterior bpp se 
cells; or, rarely, from the ethmoidal infundibulum (Killian, !*® Schaef- 


Fia. 135.—A median sagittal section of the head of a boy five years old. Three- 
fifths natural size. Fig. 136 is an outline drawing of a part of same section iden- 
tifying the principal structures. The persistent basi-pharyngeal canal seen in this 
specimen is an unusual anomaly. 


fer'®!), Many of the variations in the adult sinus can be explained 
upon the basis of this variation in its method of origin. The post-natal 
growth of the sinus is illustrated by the summary of Davis’ table 
quoted below. The sinus generally begins its invasion of the vertical 
portion of the frontal bone in the second year; and from two to six 
years its superior margin lies 1.5 to 5 mm. above the nasion. Its 
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ascent is more rapid after this time but the adult position of the superior 
margin (about 25 mm. above the nasion) is not generally acquired 
before the sixteenth year. Davis found the average thickness of the 
anterior bony wall of the sinus in the first year to be 4 mm., and of the 
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Fie. 136.—An outline drawing of a portion of the section shown in Fig. 135 with 
identifications of the chief structures. 


posterior 2 mm.; but as the sinus expands the bone surrounding it is 
resorbed so that these measurements are usually reduced about one- 
half by maturity. 


TasBLe 17.—THE GROWTH OF THE RIGHT FRONTAL SINUS 
(Summarized from the Tables of Davis!4?) 


Diameters of sinus in millimeters Thickness of 
‘ Thickness of 
Number anterior 
Age of cases Vertical T Antero- wall, milli- ees 
ertica Transverse Soataor motors ete 
8 days tol yr... 10 pale 1.6 3.3 4.0 9.6 
2 S03’ yrs.--, -. 18 5.3 3.0 4.7 3.7 9.8 
Sho 6 yre.ce 232)! e 17 6.8 4.1 6.0 4.4 8.7 
Gt0:9 Yree. sc .ces 18 10.0 6.3 8.6 3.1 4.8 
DitOoLs) TA. zys.0:01- 5 5 I ee 8.5 7.8 paul 5.5 
12 to 15 yrs...... 5 13.9 17.1 12.2 3.1 2.4 


THE ETHMOIDAL SINUSES 


The ethmoidal sinuses arise from grooves and recesses in the lateral 
walls of the middle and superior nasal meati. These invaginations are 
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formed in the latter part of the third and the fourth fetal month and 
definite cells are present by the sixth fetal month. For their later 
development, which is extremely variable, I must again refer the reader 
to the studies of Davis and of Schaeffer. 


Cc 


_ Fia. 137.—Three diagrams illustrating the post-natal growth 
“alee A., sphenoidal sinus; B., ciprilaecaade. Ce pele ar gas 
es «; F., frontal bone; I.n.w., lateral nasal wall; Mx., maxilla; 8. nasal septum : 
P Oy, of sphenoid bone. Solid black lines indicate the extent of the sinus 
at dif erent ages. The Arabic numerals indicate age in years; “b” indicat 
birth; ‘“‘a,”’ maturity; ‘“s,” senility. (After Torrigiani. 16) : ik 


tI ——— 


THE LARYNX 343 
THE LARYNX (Figs. 133, 1357 138, 139) 


The larynx of the newborn is approximately 2 em. in length. Its 


- maximum breadth, at the upper margin of the thyroid cartilage, is 


almost equal to its length. The absolute dimensions of the larynx at 
birth are approximately one-third those of the adult but relatively it is 
as large if not larger than in maturity. 

The external form of the larynx is more rounded in infancy than 
in later life. The thyroid cartilage is broader and shorter and lies 
almost in contact with the hyoid bone above. The lateral lamina of 
the thyroid cartilage meet at an obtuse angle and neither the laryngeal 
prominence (Adam’s apple) nor the superior thyroid notch are as 
marked as in later life. The cricoid cartilage has much the same form 
as in adult life but it is tilted downward and backward so that it forms 
an oblique angle with the thyroid cartilage above. 
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Fig. 138.—Anterior and posterior views of the larynx of a full-term, newborn 
male child 52 em. long. Twice natural size. 


The cavity of the larynx is short and funnel-shaped in the infant. 
These characters are particularly marked in the upper segment or 
vestibule. The true vocal cords are from 4 to 4.5 mm. in length and 
are relatively shorter than in later childhood and in the adult. The 
ventricle of the larynx is small but the ventricular appendix or saccule 
of Morgagni is often of considerable size. The inferior laryngeal cavity 
or subglottic space extends backward as well as downward in the suck- 
ling, whereas it is almost vertical in older children and in the adult. 
This inclination of the axis of the lower part of the laryngeal cavity is a 
point of some importance in connection with the procedure of intuba- 


tion in the young infant. 
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The post-natal growth of the larynx may be divided roughly into 
three periods: first, from birth to two or three years, a period of rapid 
general growth; second, from two or three years. to puberty, during 
which time growth proceeds rather slowly although a number of altera- 
tions in form take place; and third, the period of puberty in which 
growth takes place rapidly, particularly in males. At the end of the 
third year of life the larynx has increased approximately one-half in 
length and circumference, and by the time of puberty these dimensions 
are about double those of the newborn. During the period of puberty 
there is again an increase of approximately 50 per cent. in all 
dimensions. 

Sexual differences in the larynx appear about the third year. After 
this time the larynx is longer and larger in boys than in girls and 
the angle between the lateral plates of the thyroid cartilages 
becomes more pronounced. These differences are accentuated during 
childhood and particularly during puberty when the male larynx grows 
much more throughout than does the female. . 

The larynx gradually descends in the neck during both fetal and 
post-natal life. According to the observations of Symington“ and 
Berkenbusch,? the upper end of the epiglottis lies at the level of the 
first cervical vertebra in the newborn; at six years it is opposite the 
lower margin of the first or the body of the second cervical vertebra; 
and at puberty it is opposite the lower part of the third cervical verte- 
bra. In the adult it lies at the level of the lower part of the third or 
upper part of the fourth cervical vertebra. The lower border of the 
cricoid cartilage lies at the level of the fourth cervical vertebra at 
birth; it descends to the level of the fifth or sixth by six years; and to 
the level of the seventh by puberty. All of these measurements were 
made with the head erect. 


THE TRACHEA (Figs. 139, 140, 177) 


The average length of the trachea in the full-term newborn is 
approximately 4 cm. The length in the adult is about three times that 
of the newborn. As in the adult, the child’s trachea is broader above 
than below, and the frontal diameter of its cavity is slightly greater 
than its sagittal diameter. Both diameters increase about 300 per 
cent. between birth and puberty. Details of the growth of the trachea 
in length and caliber will be found in the following table. In this 
table the length of the trachea is measured from the inferior border of 
the cricoid cartilage to the bifurcation; and the diameters are measured 
in the middle third of the tube. A portion of the latter are taken from 
wax or metal casts; but measurements made in this way agree well 
with those made from the tube in cross-section. 

The walls of the trachea are relatively thick at the time of birth 
and the total number of tracheal cartilages are present at a compara- 
tively early stage of fetal life. The tracheal cartilages and the 
annular ligaments separating them grow at the same rate during 
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childhood. After puberty the increase in length of the trachea is 
apparently brought about mainly through the increasing breadth of 
the annular ligaments. In the child, as in the adult, the posterior 
membranous wall of the trachea forms about one-sixth of the circum- 
ference of the tube. The muscular layer of the membranous wall is 
extremely variable in thickness at all ages and is often as thick in 
the newborn as it is in the adult at maturity. The subepithelial and 
more peripheral elastic tissue layers are present at the time of birth 
but are comparatively weakly developed. There is a great increase 
in the tracheal elastic tissue during the first two years of life. The 
majority of the tracheal glands are present at the time of birth although 
possibly some are formed after that time. They do not attain their 
complete function until some time after birth. 


TABLE 18.—TuHE DIMENSIONS OF THE TRACHEA IN CHILDHOOD 


(Based upon the Data of Engle, Gegovd, Koike, Mettenheimer, Oppikofer, 
Passavant, and Scammon) - 


Length of trachea Diameter of tracheal lumen 
Age Average 
Number| length, | Number] Sagittal, Frontal, 
of cases centi- of cases | millimeters | millimeters 
_ meters 
0 to 1 mo. | 20 4.0 11 3.6 5.0 
MUEOnIMIOR s =e ayerogs- 30 3.8 35 4.6 Grel 
UO TONMINOS 2c) ae ses 5 = 35 4.2 37 5.0 5.8 
GetOwe? MOB@ <5 46.3 23 4.3 25 5.6 6.2 
Gs ea gee PL 17 4.5 18 6.5 7.6 
EMR Y SE Aes 2) e9 ern wie 19 5.0 22 a 8.8 
RUDY PA eet cle pols! a7 12 3 12 8.3 9.4 
ABTORG YTSoecc can ot 22 5.4 25 8.0 9.2 
ha ee | 14 eh) NR meals} 9.2 10.0 
8 to 10 yrs....-:..-. 14 B28. 4, 06 9.0 10.1 
NO COcU2 VTS. eras ots 8 6.3 10 9.8 iviere 
2 tO VIB. co ee 5 6.4 6 10.3 iL a 
H4sCO LG YiBe.. 4. aio | 9 ne 10 12.7 14.0 
INCU R nota. phlala 4 / .. | 12 (9-15) Ek 17 .2(13-23) | 14.7 (12-18) 


The compressibility of the trachea, i.e., the ability of the tube 
to resist external pressure, is very low in the newborn. It is about 
one-third that of a year old child, one-fourth that of a five year old 
and one-sixth that of an adult. The elasticity of the trachea in 
childhood, after the suckling period, is considerable; but it decreases 
after puberty. The extensibility of the trachea is relatively the 
same in childhood and maturity. = ae 

The upper limit of the trachea in the newborn and suckling lies 
at the level of the fourth cervical vertebra when the head is held 
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erect. Complete extension raises it about one vertebral level, while 
acute flexion depresses it an equal degree. The upper limit of the 
trachea descends during childhood, at first rapidly and then more 
slowly, to reach the average adult position of the seventh cervical 
vertebra. There is considerable variation in the rate and degree of 
descent during the latter part of childhood. 


Sts oD ap 


Sooo Gare 


The bifurcation of the trachea in the newborn lies at the level 
of the third or fourth thoracic vertebra. It descends very slowly 
the first few months but later proceeds more rapidly. The following 
table of the position of the bifurcation is based upon Engle’s!4® 
radiographic studies to which the reader is referred for further details. 
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TaBLE 19.—PosiTIon oF THE BIFURCATION OF THE TRACHEA IN CHILDHOOD AS 


DETERMINED BY THE ROENTGEN-RAY 


(ArPTER ENGLE) 
reer ee kt ee SS 


Age Position 
0 to 2 yrs............) Lower margin of IIIrd to lower margin of [Vth T. V.* 
SAS ee Sian oeme Raia eae Middle margin of IVth to upper margin of Vth T. V. 
Tae eee eee oe Middle margin of IVth to lower margin of Vth T. V. 
RUT a tac 0 ks Lower margin of [Vth to lower margin of Vth T. V. 
RUTH cereel., akewe est Upper margin of Vth to middle-margin of VIth T. V. 
eT VIBE © Oe hot eo Middle margin of Vth to middle margin of VIth T. V. 


.—F tline drawings of casts of the bronchial trees of children. 
A hild Belitse nents: B, child of one year; C, child of three years; D, child of 
seven years. One-half natural size. (After Engel.!*°) 


*T. V., Thoracic vertebra. 
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The relation of the trachea to the sternum undergoes considerable 
change during childhood. The length of the cervical portion of the 
trachea (from the upper margin of the sternum to the lower margin 
of the cricoid cartilage) is, according to Passivant,’°* 3.6 cm. in the 
newborn with head erect and 4.0 cm. with the head extended. These 
distances increase to 7.5 cm. and 10 cm. respectively in children of 
9 to 18 months. 


THE Luncs (Figs. 122, 123, 141, 142, 164, 167, 178) 


The weight of the lungs in the newborn, as at all times of life, is 
extremely variable. The average weight in the full-term child at 
birth is about 50 gm. Theoretically, it might be expected that the 
lungs of children in which respiration had been established would be 
relatively heavier than those of stillborn infants, because of the influx 


Pericardial 


SU race 


Fie, 141.—Outlines of the medial surfaces of the lungs of a newborn child 
showing the visceral relations. A, left lung; B, right lung. Ao., aorta; A.V., 
Bnyeoe vein; I.V.C., inferior vena cava; LCC. left common carotid artery; 
L.Se., left subclavian artery; L.S.I., left superior intercostal vein; Oe., esophagus; 
P.N., phrenic nerve; R.S.1., right superior intercostal vein; S., line of vertebral 
column; 8.V.C., superior vena cava; T., trachea; V.N., vagus nerve. (After 
Huntington.?) 


of blood into the lungs through the expanding pulmonary arteries. As 
the difference in the ratio of lung to body weight in stillborn and live- 
born children was at one time advanced as a practical test in cases of 
suspected infanticide, careful and extensive studies have been made on 
this point. These studies have shown that if any such difference 
exists it is so small that it is masked in any extensive series of cases by 
the natural variability of the weight of the organs. The lungs increase 
to twice their birth-weight or more in the first six months of post-natal 
life and often triple their weight in the first year. The rate of weight 
increase of the lungs is practically the same as that of the body as a 
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whole during the entire period before maturity. The absolute weight 
of the lungs in the adult is approximately 20 times that of the newborn; 
and the relative weight remains fairly constant throughout post- 
natal life. 
The volume of the lungs in the newborn infant, with respiration 
established, was found by Aeby to be 67 ¢.c. The increase in lung 
volume like that in lung weight, keeps pace with the increment in 
body weight. The right lung is larger than the left from the time of 
formation of the lung buds in the embryo. Jackson found it to be 25 
to 30 per cent. larger in the newborn, a greater difference than is 
generally quoted for the adult. 

In the full-term stillborn infant the lungs do not fill the entire 
potential pleural cavity. They are in close contact with the posterior 
half of the mediastinum and the costal pleural surfaces; but generally 
they are not pressed against the anterior chest wall, and they never 
extend into the costo-phrenic sinus. The anterior medial borders do 
not extend so far towards the mid-line of the body as they do in the 
infant whose respiration is fully established, and the left lung is 
indented by a very extensive cardiac notch which often occupies fully 
half of its medial border. As a result of this position, the lungs of the 
stillborn infant are short, broad, and thin, as compared with those of 
the child in which respiration has been established; and while the im- 
pressions of the structures bounding their posterior parts are well 
marked, their anterior surfaces are often smooth except for the deep 
cardiac notch mentioned above. The anterior, inferior, and medial 
margins of the lungs are much sharper in the stillborn than in the 
liveborn and the inferior surfaces are much more convex because of the 
greater arching of the diaphragm. 

With the establishment of respiration and the consequent expansion - 
of the lungs, the shape and position of these structures is greatly 
changed. They increase in all diameters, but particularly in the 
sagittal one, along with the descent of the diaphragm. The margin of | 
the left lung surrounding the cardiac notch gradually pushes medially 
between the pericardium and the sternum so that the so-called bare 
area of the heart is diminished. At the same time the apex of the 
heart is shifted downwards and to the right (probably in part through 
the pressure of the expanding lung) and this change in its position aids 
in decreasing the extent of the cardiac notch. The anterior, medial, 
and inferior margins of the lungs lose their sharp margins through the 
expansion of the peripheral alveoli of these regions. The costo-phrenic 
sinus, however, is not invaded by the lower lung margins to any great 
extent at the time of birth, this change occurring as a rule in later 
childhood. 

As respiration is established the skeletal relations of the lungs are 
also somewhat modified. In the stillborn, according to Mettenheimer,"” 
the summits of the lungs lie 3 to 5 mm. above the level of the superior 
margin of the sternum; and their bases generally at the level of the 
ninth or tenth rib posteriorly. After respiration the apices lie 5 to 8 
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mm. above the level of the superior margin of the sternum and the 
inferior margins lie at the eleventh rib posteriorly. 

There is very little change in the skeletal relations of the lungs 
between infancy and maturity. The inferior margins remain fixed at 
the eleventh or twelfth vertebra posteriorly; but in the mammillary _ 
line there is a slow descent of the lung margin from the level of the 
fifth rib in the young child to the sixth rib in the young adult. 

The topography of the fissures and lobes of the lungs in infancy has 
recently been studied in detail by Gittings, Fetterolf and Mitchell;'** 
they find that the relations of the structures to the bony thorax are 
practically the same as in the adult. 

According to Kolliker the formation of the alveoli of the lungs 
begins in the sixth fetal month. The number of alveoli increases 
rapidly until the time of birth but there is little increase in their size. 
The changes in the alveoli at birth have been recently reinvestigated — 
by Addison and Howel and by Ridella.1*’.. With the first inspiration 
the alveoli are enlarged and the epithelium lining them is reduced from 
a low columnar or cuboidal to an extremely flattened squamous type. 
The nucleiof the lining cellsare flattened and are farther separated from 
one another. According to Ridella the flattening process begins at the 
fundus of the air-cell and extends around it from this point to the neck. 
As the lungs expand the fluid which occupied the trachea before respira- 
tion is drawn down into the air-cells and is distributed on the inner 
surface of their walls. In sections this is seen as a granular precipitate, 
and large mononuclear cells, possibly phagocytic in function, are found 
within it. The fluid is absorbed in a short time. 

The expansion of the lung at birth is extremely irregular. One may 
find expanded and unexpanded alveoli in the same lobule; and again 

-lobules made up of expanded alveoli may be scattered among those 
which show no evidences of expansion. Champneys,!*? who made a 
special study of this matter in connection with his researches upon the 
efficacy of various methods of initiating respiration, came to the follow- 
ing conclusions concerning the expansion of the lungs in newborn 
children. 

1. ‘The right lung is usually better expanded than the left. 

2. “The anterior surfaces are usually better expanded than the 
posterior. 

3. “The lower lobes are the parts most often unexpanded. 

4. “The right middle lobe is usually well expanded. 

5. “The part of the left lung corresponding to the right middle lobe 
is often better expanded than the rest of the left lung; when the right 
middle lobe is ill expanded, the corresponding part of the left lung is 
often unexpanded also.”’ 

The production of alveoli ceases at birth except for the formation 
of a very small number from the walls of the respiratory bronchioles. 
Thus the greater part of the post-natal increase in volume of the lungs 
is brought about by the growth of the alveoli which are formed in fetal 
life. The observations of Rossignol,'** which are quoted in Table 20 
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below, are the only extensive ones on the growth of the alveoli. They 
are based upon measurements of lungs which were inflated and dried, 
and a considerable degree of error may have been introduced by this 


procedure. 


TasLe 20.—THEe Grows or THE Respiratory ALVEOLI (AFTER RossiGNou}58) 


Age 


Average diameter of alveoli 


Children who had breathed only a few hours 
Children of 1 to 114 yrs 
Children of 3 to 4 yrs 
Pmilarep Ol p tO O yin. Puneet we ev. eo. Te SH oh 
Children of 10 to 15 yrs 
Adults of 18 to 20 yrs 
Adults of 25 to 40 yrs 
Adults of 50 to 60 yrs 
Adults of 70 to 80 yrs 


0.05 mm. 
0.10 mm. 
0.12 mm. 
0.14 mm. 
0.17 mm. 
0.20 mm. 
0.20 to 0.25 mm. 
0.30 mm. 
0.33 to 0.35 mm. 


Elastic tissue appears in the lungs in the fifth or sixth fetal month. 
It develops very slowly until birth, but it increases with great rapidity 


in the first month of post-natal life. 
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. 142.—Outline of the skeleton of the anterior thoracic wall of a newborn 
Soe se common lines of pleural reflection in infancy. The numbers of 
the ribs are indicated in Roman numerals. (Based upon the figures and descrip- 


tions of Tanja.1®) 


352 A SUMMARY OF THE ANATOMY OF THE INFANT AND CHILD 


THE PLEURA (Figs. 122, 123, 142) 


The only extensive series of observations upon the topography of 
the pleural sacs in infancy is that of Tanja’ and the following state- 
ment is'summarized from his descriptions. The medial margins of 
the pleural sacs generally meet behind the sternum, extending almost 
the entire length of that bone a little to the left of the median line. 
The left line of pleural reflection turns away from the sternum at the 
level of the sixth rib, the sixth interspace, or the seventh rib; the 
right one a little lower at the level of the seventh rib or along the upper 
part of the xiphoid process. In over one-half the cases the inferior 
pleural margins pass across the costal cartilages of the ribs from the 
seventh downward. The inferior pleural margin commonly joins the 
medial posterior one at the level of the twelfth thoracic vertebra. As 
in the adult, the posterior lateral margins of the pleural sacs extend 
upward to the level of the last cervical vertebra. The skeletal relations 
of the apices of the sacs are much the same as those of the adult. Cer- 
tain variants from this general scheme are*common. The anterior 
medial margin of the left pleural sac may not extend inward to the 
sternum, and sometimes the two sacs do not meet anteriorly. The 
posterior inferior angle of the sacs may lie as low as the first lumbar 
vertebra or as high as the eleventh thoracic vertebra. Figure 142 is a 
diagram showing the usual lines of the pleural reflections on the 
anterior chest wall in infancy. ‘ 


THE UROPOIETIC ORGANS 
THE Kipneys (Figs. 122, 123, 129, 132, 143, 144, 145, 147, 156) 


The absolute weight of both kidneys in the newborn is between 
20 and 25 gm. This weight is doubled in six months, quadrupled in 
the first two years, and increased about eight fold by puberty. 
The average weight of the kidneys in the adult is from 10 to 14 times 
that of the newborn. Although the absolute weight increase is great, 
the kidneys show a decrease in relative weight in post-natal life. At 
the time of birth and for nearly five years thereafter they form 0.65 to 
0.75 per cent. of the entire body weight. After five years the relative 
kidney weight decreases slowly until after puberty when the adult 
relation of about 0.5 per cent. is reached. Although the kidneys 
_are rarely of equal weight at the time of birth the examination of a large 
series of cases shows the right to be the heavier in almost as many 
instances as the left. By the second year, however, the left kidney is 
commonly the heavier one as it is in maturity. 

At birth the kidneys average 4 to 5 cm. in length, 2 to 2.5 em. in 
breadth, and 1.2 to 1.5 em. in thickness. The length and breadth of 
the kidneys increase about two and one-half times by maturity and 
the thickness about two times. The kidneys are thus somewhat 
thicker proportionally in the infant than in the adult. 

The most striking characteristic of the infant’s kidney is its marked 
lobulations. These are ordinarily obliterated in the fourth or fifth 
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year although they may occasionally persist in the adult. In certain 
mammals, such as the sheep and the bear, they are found throughout 
life. The number of lobules is extremely variable, being anywhere 
between 5 and 25. There is no relation between the number of lobules 
and the number of renal papille. 

Both the skeletal and the visceral relations of the kidneys in the 
young infant are quite different from those of later life. The differ- 
ences in the skeletal relations are due aes 
mainly to the large size of the kidneys and 
the shortness of the lumbar portion of the 
posterior abdominal wall. The relation of 
the lower poles of the kidneys to the iliac 
crests has been studied by Alglave,!*4 who 
found that in a series of 32 children under 
six months of age the lower poles of the 
kidneys were below the iliac crests in one- 
half of the cases, on the crests in a little 
over one-quarter, and above the crests in 
the remainder. In the second year the 
lower poles were on the crests in one-third 
and above the crests in two-thirds of the 
cases. The lower poles of the kidneys were 
above the crests in all children over two 
years of age. The upper poles at birth, 
according to the observations of Baduel,!* Brakl43 Anterior view 
lie at the eleventh intercostal space or the of the left kidney and 
margins of the ribs bounding it and during ould Back tne, ee 
childhood at the level of the twelfth rib. © size. 
Banchi!®* examining 100 newborn children, 
found that the upper poles of the kidneys commonly lie at the twelft 
thoracic vertebra, or the disc immediately above and below it, and 
the lower pole at the fourth or fifth lumbar vertebra. In the new- 
born and the young infant the left kidney lies higher than the right 
in about two-thirds of all cases. Although the kidneys are much 
more movable in the child than in the adult their change in position 
is probably a passive one dependent upon the rapid growth of the 
neighboring skeletal parts and their associated muscular structures. 

In the infant the anterior surface of the right kidney is in contact 
with the cecum, the ascending colon, the right suprarenal, and the 
liver. Relatively the suprarenal has a much larger contact area 
than in later life while the hepatic area is relatively smaller. The 
right margin of the descending segment of the duodenum generally 
comes in contact with the hilus of the right kidney. The left kidney 
is in contact anteriorly with the left suprarenal, the descending, and, 
sometimes, the transverse colon. At birth and for a very short space 
of time thereafter the left kidney is not commonly in relation with 
the spleen. Occasionally the tail of the pancreas may touch the 
kidney just below the inferior margin of the suprarenal. 

Vou. I—23 
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As is well known, the tubules of the kidney are formed in a series 
of from 14 to 18 generations. The glomeruli of these several genera- 
tions are arranged, in the young kidney, in roughly concentric layers 
of which the inmost is the oldest in origin and the peripheral the most 
recent. The exact time of formation of the last or peripheral genera- 
tion of tubules is a matter of considerable controversy. The date 
has been variously placed from the ninth or tenth fetal month to the 


Fig. 144.—A dissection of the posterior abdominal wall of a male child one 
month old showing the position of the kidneys. I.C., iliac crest; K., kidney. 
(After Alglave. 164) ’ 


end of the first post-natal month. Although there may be consider- 
able individual variation in this particular, one is inclined to suspect 
that congenital lues may be responsible for the delayed date of cessa- 
tion of tubule formation which some authors have observed in their 
material. The kidneys have acquired approximately one-tenth of 
their final weight at the time when new tubule formation ceases; it 
follows, then, that fully 90 per cent. of the growth of the renal paren- 
chyma is in the form of tubule hypertrophy. Our knowledge of 
the nature of the post-natal changes in the renal tubules rests mainly 
on the micrometric: studies of Eckardt!®® and of Kiilz.17> These 
observations show that the central or older glomeruli are very much 
larger than the peripheral ones at the time of birth. The central 
glomeruli grow steadily in size until after puberty by which time they 
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have doubled in diameter. The peripheral glomeruli grow at a more 
rapid rate than do the central ones; but do not equal them in size 
until after puberty. The ascending and descending limbs increase but 
little in diameter between birth and maturity. The most active 
segments are the convoluted tubules. These increase in diameter 
very rapidly during the first three or four years of life. Thereafter 
their diameter increases very little, but they enter a period of longi- 
tudinal growth which lasts until after puberty. The growth of the 
collecting tubules is apparently slight. 


Fic. 145.—A dissection of the posterior wall of the abdomen of a girl two and 
one-half years old showing the position of the kidneys. D., duodenum enclos- 
ing the head of the pancreas; I.C., iliac crest; K., kidney; St., stomach. (After 
Alglave.16) 


No volumetric studies have been made of the cortex and medulla 
in childhood. In the newborn the cortex is one-fifth or one-fourth 
the thickness of the medulla and in the adult from one-half to two- 
thirds. Apparently most of the increase in thickness of the cortex 
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takes place in the first eight years of life. Lineal measurements of 
the cortex and medulla are very inaccurate and the proportions Just 
citied are only approximate ones. 


THE URETERS (Figs. 144, 145, 147, 148) 


The ureters are from 6.5 to 7.0 cm.in length in the newborn, being a 
little less than one-fourth as long as in the adult. The left ureter is 
generally a little longer than the right throughout life. The ureters 
practically double in length during the first two years together with 
the growth of the lumbar region; thereafter their growth is much 
slower. The diameter of the ureter in the infant is always relatively 
and sometimes absolutely larger than in the adult. The sinuses of 
the ureter are well marked and the lumbar one, in particular, is very 
prominent (Fig. 147). 


THE BLADDER (Figs. 121, 132, 146, 147, 151, 153) 


In the newborn and young suckling the contrated bladder is a 
fusiform organ broader below and tapering very gradually above, 
becoming continuous with the obliterated urachus at its apex. It 
is in contact with the anterior body wall over a triangular area of 
which the base is formed by a horizontal line drawn a little below the 
upper margin of the symphysis pubis, and the sides by the hypogastric 
arteries. The apex of the contracted bladder in the newborn lies at 
a point mid-way between the pubes and the umbilicus. The long 
axis of the bladder in the infant is often nearly vertical and falls 
directly in line with that of the prostatic urethra, or at most forms a 
wide angle with it. The thickest part of the contracted bladder in 
the newborn lies at about the level of juncture of its lower and middle 
thirds. From this plane all the surfaces of the organ slope downward 
and inward toward the urethral orifice. Thus the lower part of the 
viscus has the form of a funnel, flattened slightly anteroposteriorly, 
and there is no true fundus such asisseenin the adult bladder. Accord- 
ing to the measurements of Uteau,!78 the trigone of the contracted 
bladder in both sexes in the first year of life forms an equilateral 
triangle the sides of which are approximately 1 cm. in length. These 
dimensions are about two-fifths those of the adult. 

The moderately distended bladder of -the infant is egg-shaped 
with its larger end directed forward and upward. According to the 
measurements of Birmingham,’ the organ when in this condition 
lies approximately half in the abdominal and half in the pelvic cavity. 
The fully distended bladder in children is almost completely an 
sbeoreieg organ and may extend upward to the level of the umbilicus. 

ig. 146. 

The descent of the bladder after birth has been carefully studied 
by Disse.*8 He recognizes four stages in this process: First, a period 
of rapid descént extending from birth to the beginning of the fourth 
year; second, a period from three to nine years in which the descent 
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is slow but continuous; third, a stage extending from nine years to 
puberty in which the bladder remains stationary; and fourth, a 
period from puberty to the end of the second decade in which the 
organ completes its descent. 

j As the bladder descends into the pelvis, the opening of the urethra: 
is shifted farther and farther away posteriorly from the symphysis 
pubis. At the same time the apex of the bladder descends rapidly 


Fic. 146.—A median sagittal section of the pelvis of a male infant 9 months old 
with the bladder distended. B., bladder; B.U., bulbus urethre; R., rectum; 
Sym., symphysis pubis. (After Symington.1*) 


along the anterior abdominal wall and comes to lie, in the completely 
contracted bladder, at a level but little above that of the urethra. 
In this way the axis of the bladder is changed from the vertical to 
the horizontal plane of the body. This change in axis is generally 
completed by the end of the third or fourth year. The form of the 
fully expanded bladder is approximately the same in the newborn 
and adult. 

The capacity of the bladder at birth and in later life is extremely 
variable, and the available figures regarding it are probably not very 
valuable. Birmingham!’ injected the bladder of a newborn male 
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in situ with a gelatin solution at a pressure of 6 to 8 cm. of water, 
and found the bladder contents to be 27.8 c.c. Kalaschnikoff (quoted 
by Gundobin’) found the average capacity of the bladder of the 
newborn, when removed from the body, to be 50 c.c. The latter 
author found the capacity to be more than doubled in three months 
and nearly quadrupled by the end of the first year. 

The urachus of the infant does not differ greatly, except in length, 
from that of the adult. Its lumen is normally obliterated in the fourth 
or fifth month of fetal life, and although portions of the canal may 
remain in the form of cysts or diverticula of the bladder these are prob- 
ably no more numerous in the newborn or child than in the adult. 


THE MALE GENITAL ORGANS 
THE TESTES (Figs. 147, 149) 


The two testes with their epididymides weigh about 2 gm. at the time 
of birth. This weight is doubled in the first two years of life. There- 
after the weight increase is very slow, the average weight in the thir- 
teenth or fourteenth year being about 4 gm. Between this time and 
the sixteenth year, 7.e., with the establishment of puberty, the weight 
of the testes and epididymides increases fivefold to 20 gm. The testes 
continue to increase, although in varying degrees, at least to the 
twenty-fifth year when they weigh 40 to 50 gm. According to 
Vvedenski’s!*% observations, the right testis is the heavier in early 
infancy while in later life the left is the heavier one. 

The relative weight of the testes is almost the same in the newborn 
and the adult. The testis in the newborn is, on the average, 10 mm. 
long and 5 mm. in breadth and thickness. It increases four times in 
length and somewhat more than four times in breadth and thickness 
between birth and maturity. The long axis of the testis is practically 
vertical in the infant, whereas it is directed forward and outward as 
well as upward in the adult. 

Sections of the testes of the newborn show small convoluted or 
contorted tubules separated by a large amount of delicate connective 
tissue. The tubules are 60 to 80 micra in diameter and are generally 
solid. They are made up of small undifferentiated sustentacular 
cells and larger and less numerous germ cells (spermatogonia). Inter- 
stitial cells of Leydig are found in the connective tissue septa either 
singly or gathered in small groups. During childhood the contorted 
tubules slowly increase in diameter and acquire central lumina. The 
spermatogonia increase in number and size, and the sustentacular 
cells tend to gather in a definite layer at the periphery of the tubules. 
The connective tissue does not increase at a rate equal to that of the 
tubules and therefore forms less and less of the mass of the testis. 
With puberty the seminiferous tubules enlarge rapidly, the susten- 
tacular cells take on their characteristic adult form, and the germ cells 
begin the process of maturation. The cytologic changes in the germ 
cells at puberty have not been studied in detail in man. The inter- 
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stitial cells of Leydig are said to increase in number from birth to 
puberty. 


DESCENSUS TESTICULORUM AND THE TUNICA VAGINALIS (Figs. 147, 150) 


The testes are intra-abdominal in position during the greater part 
of fetal life and only reach their permanent scrotal position in the 
eighth month. In fetuses of the latter part of the second month they 
are a pair of narrow elongated bodies extending from the upper lumbar 
region to or into the upper sacral region. The upper part of the genital 
mass undergoes degeneration while the lower portion remains to form 
the definitive testis. In the third fetal month the testes are found in 
the iliac fossee. This change in position is brought about not by the 
active migration of the structures, but mainly by the atrophy of their 
cranial parts. At this time the testis possesses a mesorchium of com- 
plex and multiple origin. The caudal part of this fold extends from 
the lower pole of the testis to the point on the anterior abdominal wall 
where the inguinal canal will be formed. In the core of this fold as 
well as along the line of its attachment to the abdominal wall there is 
developed a band of fibro-muscular tissue which is known as the guber- 
naculum testis. This band secures its attachment in the region of the 
future scrotum before the definite muscular layers of the abdominal 
wall are differentiated. When these layers are formed they grow 
around this band. 

The testes lie at the site of the future abdominal ring from the 
fourth until the seventh month of fetal life. In the meantime the 
abdominal wall in this region becomes greatly thickened and by a 
series of complex changes the caudal end of the peritoneal cavity on 
either side is reduced to a small diverticulum, the beginning of the 
processus vaginalis. The lower pole of the testis often lies just within 
the upper part of this sac which has, in fact, grown up around it. 
The processus vaginalis eventually passes through the anterior abdom- 
inal wall and, extending over the pubis, invades the scrotum which is 
solid at this time. In doing so the tunica passes into an interval 
which is already formed in the abdominal musculature. The guberna- 
culum testis and the tunica vaginalis both pass down into the scrotum 
carrying the several layers of abdominal musculature and fascia before 
them. The latter become the fascialinvestments of the testis. During 
the seventh month the testes, which are already partially enclosed by 
the upper end of the tunica vaginalis, pass down through the inguinal 
canal,,and by the middle of the eighth month are generally attached 
to the fundus of the scrotum. The left testis generally descends a 
little in advance of the right. The chronology of the process of descent 
is generally quite regular and the records of a large series of cases show 
the testes to be in their final position in over 90 per cent. of newborn 
children. 

Much has been written on the cause of the descent of the testes 
but the subject is still far from clear. As has been pointed out in the 
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Fia. 147.—Dissection of the posterior wall of a still-born, premature infant. 
The liver and the greater part of the intestine have been removed. The right 
processus vaginalis has been opened exposing the testis, epididymis and guber- 
naculum. B., bladder; C., corpus of stomach; D., duodenum; F., fundus of 
stomach; I., aortic bodies (organs of Zuckerkandl); L., hepatoduodenal ligament, 
common bile duct and portal vein; L.K., left kidney; L.Sr., left suprarenal; Oe., 
esophagus; P., pancreas; P.A., pyloric antrum; P.V., pyloric vestibule; R.K., right 
kidney; R.Sr., right suprarenal; S., sigmoid colon; Sp., spleen; 8.V., spermatic 


vessels; U., ureter; U.A., umbilical arteries; V.C., vena cava inferior; V.P., vaginal 
process. Natural size. 


— 
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preceding paragraphs, the shifting in position of the testes within the 
abdominal cavity is due not to an actual descent of the organs, but at 
first to the degeneration of their cranial parts, and later to the conver- 
sion of a portion of the cranial part of the abdominal cavity into the 
tunica vaginalis. The part played by the testes themselves is entirely 
passive. The movement of the testes through the inguinal canal is, 
however, an actual descent. Among the factors suggested as causing 
this descent are the pressure of the rapidly growing abdominal viscera, 
the shortening of the gubernaculum (first through actual contraction 
of its muscle fibers and later by its shrinkage during atrophy), the 
vertical position of the inguinal canal in the fetus, and finally the 
“inequality of growth in the tissues.’ ; 

The processus vaginalis communicates with the general peritoneal 
cavity above in nearly two-thirds of all children under two weeks of 
age, according to the extensive series of observations of Engle!*? and 
of Sachs.1°° After this time, however, the obliteration of the communi- 
cating canal is very rapid, more than 80 per cent. of the cases between 
10 and 20 days showing partial or complete obliteration. The table 
of Sachs is given in summary below. 

The left communication is generally obliterated some time before 
the right one and when both are present the left opening is almost 
alwaysthesmaller. This finding isin accord with the greater frequency 
of right inguinal hernia and with advanced descent of the left testis. 
Lockwood!%6 described the obliterative process as taking place at two 
points, one near the upper and one near the lower end of the inguinal 
canal. This is not confirmed by the observations of Sachs who found 
the process beginning in the middle third of the portio funicularis, and 
extending upward and downward from this point. 


TABLE 21—Tue Post-NATAL OBLITERATION OF THE PROCESSUS VAGINALIS 
(ArreR Sacus!9) 


Condition of processus vaginalis in percentages 
Number : 
ae of cases | Obliter-| Open | Entirely ae a sane hiss 
hoe pore ain obliteration 
0 to 10 days..... 27 20 19 61 80 
10 to 20 days.... 40 50 32 18 50 
20 to 30 days.... 15 47 23 30 53 
30 to 60 days... . 25 36 34 30 64 
60 to 90 days.... 22 36 39 25 64 
90 to 120 days.. 13 65 16 19 35 
120 to 335 duces, 13 69 21 4 31 
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THE PROSTATE (Figs. 146, 148) 


In its growth, the prostate follows closely the history of the 
structures of the male genital tract. Arising in the latter part of the 
third fetal month, the gland grows slowly for a period; but one or two 
months before birth it begins to increase at a rapid rate and between 
this time and birth its weight is doubled. From birth until a short 
time before puberty, the prostate grows very slowly and the gland 
hardly doubles its weight in the first decade of post-natal life. From 
puberty or shortly before puberty until 
the middle of the third decade, the pros- 
tate again grows rapidly, particularly 
before the twentieth year. 

The dimensional changes of the pros- 
tate are similar to those of weight; 
during childhood they are augmented 
very slowly but during and after puberty 
very rapidly. Although subject to great 
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Fic. 148.—Base of the 
bladder and the prostate gland 
of a full-term newborn child. 
B., bladder; D.D., ductus 
deferens; P., prostate; Us ureter; 
Ur., urethra; V.S.,. seminal 
vesicles. 


individual variation it may be said that 
the length, breadth, and thickness are 
usually tripled between birth and 
maturity. The chestnut form so often 
assigned to the adult prostate is less 
noticeable in childhood; at this time the 
organ is more conical in shape and the 


lateral borders, which are prominent in 
the adult gland are rounded and merge into the surfaces. 
The prostatic urethra is approximately 1 cm. in length in the new- 


Fia. 149.—Three drawings illustrating the growth of the testis and epididymi 
and the postnatal changes in the digital fossa. A., newborn. B., child nt one 


il x)” adult. All enlarged one and one-half times. (After Poirier, Rev. de 


born; it is two and one-half times longer in the adult. Apparently 
most of the length increase takes place after puberty... 
_ The finer structure of the prostate in childhood has been recently 
investigated by Lowsley'87: 188 and Hada,}!®° and the following outline 
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is based mainly on the accounts of these authors. The total adult 
number of prostatic tubules is already present at the time of birth and 
the post-natal increase in glandular tissue is brought about by the 
enlargement of these elements. In the newborn the tubules have the 
form of elongated and irregular sacs which often end in dilations and 
which may have lateral outpouchings. The terminal portions of 
the glands may be solid at birth, but they acquire lumina in early in- 
fancy. The tubules grow very slowly during childhood but at puberty 
they increase greatly in caliber and give off many lateral branches, 


Fie. 150.—Superficial dissection of the external genitalia of a newborn male child. 
Natural size. (After Credé-Hoerder. 18!) 


particularly from their distal portions. Lowsley estimates that the 
glandular tissue forms one-third of the prostate in fetuses and newborn 
children, and one-fourth of the prostate after puberty. As in later 
life, the epithelium lining the tubules is extremely variable in height. 
Lowsley has also investigated the post-natal history of the small 
groups of glands which are associated with but are not, properly speak- 
ing, part of the prostate (the subcervical glands of Albarran, the sub- 
trigonal glands and the apical glands). He finds that, unlike the true 
prostatic glands, they increase in number from birth to puberty. 

The muscular tissue of the prostate is weakly developed in children, 
but increases rapidly along with the rest of the gland at puberty. 
Elastic tissue is confined mainly to the center of the gland until puberty 
when it also is greatly increased. 

Schlachta!?! has described a natal secretion of the prostate which 
is present in the late fetus and which disappears shortly after birth. 
True prostatic concretions are not found in the prostates of children 
although masses of a colloid eosinophile substance sometimes occur 
in the lumina of the prostatic tubules. 
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‘THe URETHRA AND PENIS (Fig.150) 


The male urethra is 5 or 6 em. long in the newborn. The details 
of its later growth are shown in Table 22 which is a summary of the 
measurements made by Zwineff (quoted by Gundobin’). As will be 
seen from this table, the urethra practically triples its length between 
birth and maturity and the rate of increase is a fairly regular one 
except for a slight acceleration at puberty. Most of the growth 
takes place in the cavernous urethra. 

The structure of the urethra and penis is quite similar in the infant 
and adult. Urethral glands and lacune are already present at the 
time of birth although they increase both in size and number during 
childhood. The erectile tissue of the infant differs from that of the 
adult in the weaker development of the smooth muscle bundles and 
scarcity of elastic fibers. 

During the greater part of fetal life the epithelium covering the 
glans penis and that lining the inner surface of the prepuce are fused 
together in a single plate. The separation of the prepuce from the 
glans begins as early as the fifth month of fetal life but is almost always 
incomplete at birth and may remain so for some time thereafter. 


Taste 22.—THEe LENGTH oF THE Mate URETHRA IN CHILDHOOD (Based upon 
the Data of Zwineff and Waldeyer) 


Length of urethra (centimeters) 
Age Number | 
of cases | Pars Parse) > Rars 
| Total cavernosa | membran. | 
/ .| prostat. 
INGWDOEI}:, chosen yaoi ny 5.6 
IE GTACN ANAS OOS. oc chase ee + 6.2 4.6 0.8 0.8 
ee eee tae 2 6.7 5.25 0.65 | 0.8 
iD NOOTS ire 1a hess esos 4 7.6 5.3 1.0 1.3 
LY COL 5 ays O ceuetee hehe 6 8.1 6.2 0.9 TO 
LO! O VERTIS... 66. oie 6 9.4 7.4 0.9 sib 
8 to 10 years........ 8 10.4 8.2 1.0 12 
HiMto U2ryearse oes ee 4 Pit 8.9 1.0 12 
13 to 14 years....... 4 Tine 9.2 A ok 1.6 
P5stowlGuyears. yes + 15.7 12.2 125 2.0 
Acad tan, ytls bese dtfor re 18-20 
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THE SCROTUM AND SPERMATIC CorD (Figs. 106, 150) 


The scrotum of the infant is relatively short and broad and the 
distinction between the fundus and neck of the sac is not noticeable 
until a year or more after birth. Both the peripheral walls and the 
septum are relatively much thicker in the infant than in the adult. 

The spermatic cord is also relatively thicker in the infant than in 
later life, Its circumference in the suckling is almost as great as that 
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at puberty, and more than half that of the average adult. In the new- 
born and suckling the cord passes almost vertically from the base of the 


scrotum through the inguinal canal. The cremaster muscle is highly 
developed in the infant. 


THE FEMALE GENITAL ORGANS 
THE OvaRIES (Figs. 151, 152, 153, 155) 


During the latter part of fetal life the ovaries grow very rapidly. 
Their average weight in the newborn is about 0.3 gm. The rapid 
growth of the ovaries is continued in early post-natal life, and the 


$51.— i ittal section of the pelvis of a full-term, newborn female 
childs B er ddan ol colons D., duodenum; L., liver; L.V.V., fifth lumbar verte- 
bra; P. “pancreas; re rectum; S.I., small intestine; U., uterus; U.A., umbilical 
artery; ‘Ns umbilical vein. Natural size. 


i i i i ths. The birth 
structures double their weight in the first six mon : 
weight of the ovaries is tripled by the end of the third year, and 
increased seven- or eight-fold by the end of the tenth. Such statistics 
as we have, indicate that the weight of the ovaries is nearly doubled 
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between 12 and 15 years, and the total weight increase from birth to 
maturity is about sixteen fold. The ovaries show great individual 
variation in weight throughout childhood because of the fluctuation in 
the development of the vesicular or Graafian follicles during this 
period. The variation in the relative weight of the ovaries during 
childhood is so great that no general statements can be safely made 
regarding it. 


_Fia, 152.—Semidiagrammatic frontal section of the pelvis of a newborn female 
child. I.A., external iliac artery; Il., ilium; L.V., external iliac vein; U., ureter; 
om umbilical artery; Ut., uterus; V., vagina. (After Fredet, Thése, Paris, 


The form of the ovaries is quite variable in early childhood. At 
birth they are from 15 to 30 mm. in length and 4 to 8 mm. in breadth. 
They are generally triangular in cross section in their central portions, 
but are rounded at their extremities. With the great development 
of vesicular follicles in the first two or three years of life the ovarian 
surfaces become rounded and the furrows which often indent them at 
birth disappear. 

The ovaries, like the testes, change from an abdominal to a pelvie 
position during fetal life. According to the observations of Wendler,22° 
they lie in the middle of the lumbar region at the beginning of the 
third fetal month, at the upper margin of the iliac crests at the begin- 
ning of the fourth month, and well in the iliac fosse by the middle of 
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the fifth month. In the newborn they are generally found at the 
lower margin of the iliac fosse. Their passage over the iliopectinal 
line into the fossa ovarica immediately below it generally takes place 
in early childhood; but it may be accomplished before birth, or be 
delayed until puberty, or sometimes may not occur at all. The long 
axis of the ovary is in the sagittal plane of the body in the young fetus, 


Fig. 153.—Dissection of the pelvis of a girl ten years old. B., bladder; Ov., 
ovary; R., rectum; S., sigmoid colon; Sym., symphysis pubis; U., uterus; V., 
vagina. (After Boullard.1%) 


but as the descent takes place the upper pole is rotated outward and 
the axis comes to lie in the transverse plane. As the ovary reaches its 
permanent position in the fossa ovarica above the larger pelvic vessels 
and posterior to the broad ligament, the lateral or superior pole is 
shifted backward and the long axis of the organ again falls in the 
sagittal plane of the body. | 
Associated with the descent of the ovaries is the canal or diverticu- 
lum of Nuck which is the homolog of the processus vaginalis of the 
male. This diverticulum is open in about 20 per cent. of female 
children under one year of age. The right diverticulum is open more 
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often than the left, as is the case with the processus vaginalis in 
the male. 

The cortex of the ovary. of the newborn is sharply marked off from 
the medulla and forms relatively a much larger part of the organ than 
in later life. It is composed mainly of primordial follicles which are 
separated by a very small amount of delicate connective tissue. 
Generally 20 to 25 rows of follicles can be counted between the inner 
and outer margins of the cortex. The number of follicles at birth has 
been estimated as high as 400,000 or even 800,000, but these figures 
are undoubtedly far too large and more modern calculations have put 
the number at from 40,000 to 80,000. During childhood and adoles- 
cence there is a great reduction in the number of ova but the time of 
this decrease apparently varies greatly in different individulas. Hanse- 
mann,2°> estimated the number of ova in a series of children’s ovaries 
as follows: Six and one-half months, 30,000; two years, 48,000; eight 
years, 26,000; ten years, 21,000; and fourteen years 16,000. The num- 
ber of ova in the eighteenth year has been calculated at 5,000 to 7,000. 
Thus there is a decrease of approximately 90 per cent. in the number of 
ova between birth and full sexual maturity. 

Graafian, or vesicular, follicles are found in the ovary as early 
as the seventh month of fetal life and are often present in the ovaries 
of newborn children. During the first and second years they are 
- formed in large numbers from the primary follicles, and by the end of 
this period they occupy the greater part of the ovarian cortex. The 
fate of the Graafian follicles formed in childhood has been the subject 
of a number of investigations. Undoubtedly the great majority under- 
go atresia before reaching complete development. However, corpora 
lutea have been observed, although rarely, in the ovaries of newborn 
and older children and the possibility of occasional ovulations is not 
excluded. Probably all the egg cells of the newborn child are oocytes 
of the first order and if this is the case there can be no production of new 
ova after birth. The presence of two or more ova in a single primordial 
or Graafian follicle is not unusual in children. Interstitial cells which 
lie imbedded in the stroma of the ovary and are not associated with the 
ovarian follicles are numerous in the fetus and apparently reach their 
highest development at or before birth. Interstitial cells derived 
from the theka cells of atretic ovarian follicles appear shortly after 
birth and increase in number until puberty (Fraenkel?"). 

Space will not permit a discussion of the vascular changes in the 
ovary during childhood. This subject is described in detail in an 
excellent paper by Clark.? 


THE UTERUS (Figs. 151, 152, 153, 154) 


The uterus at the time of birth varies in length from 25 to 50 mm., 
the average of a series of 120 cases being 35 mm. Its weight is between 
3 and 4 gm. The cervix forms two-thirds or more of the length of 
the uterus in the newborn, and its walls are much thicker than those 
of the corpus. There is no definite isthmus present at birth. 
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During the first few weeks of post-natal life the uterus undergoes 
a marked involution, in which its length decreases about one-third 
and its weight over one-half. This involution is due mainly to an 
atrophy of the uterine muscle. Although the organ shows some 
growth at about five or six years, its natal dimensions are rarely 
regained before 11 years. Usually in the twelfth year, however, 
a period of very rapid growth sets in and by 16 or 15 years the organ 
has usually attained nearly its adult weight and dimensions. Until 
this period of rapid growth the infantile relations of the corpus and 
cervix remain practically unchanged, but during this period the 
corpus increases rapidly in all dimensions while the cervix remains 
stationary. By this process of unequal growth the adult proportions 
are attained by the time of puberty. The isthmian segment of the 
uterus can hardly be distinguished during the first years of life. It 
is formed from the upper part of the cervix and increases but little 
in length after its appearance. 

The uterine cavity in the child is a narrow slit-like cleft, flattened 
anteroposteriorly, and widest at its lateral margins. It is indented 
on its anterior and posterior margins bya series of folds known as 
the plice plamate or arbor vite. These generally consist, on either 
side, of a central longitudinal ridge from which numerous side ribs 
pass off upward and backward. The plice palmate usually disappear, 
in part at least, in the prepubertal growth period. . 

The thickness of the uterine mucosa in childhood varies from 0.5 
to 1.5 mm. This variation shows no relation to the age of the indi- 
vidual. The lining epithelium consists of a single layer of cuboidal 
cells. The presence of cilia on the uterine epithelium in childhood 
thas been a matter of considerable dispute but it seems that as a rule 
they are absent until the time of puberty. The development of the 
uterine glands in the child has never been thoroughly investigated, 
and seems to be an extremely variable process. Small mucous 
crypts and simple tubular glands are often seen at the time of birth 
opening into the bottoms of the folds which separate the plice palmate ; 
these increase in number throughout childhood although at an ex- 
tremely variable rate and without much change in form, and branched 
glands are rare in the uterus in childhood. The cervical glands are 
often represented at birth by small crypts but in the later periods of 
childhood they develop more slowly than the glands of the corpus. 
We have little knowledge of the numerous changes which must take 
place in the uterine glands at puberty. Baumgartner, Nelson and 
Dock (Am. Jour. Anat., xxvii, (1920) found a rapid growth and 
division of the glands at 14 years. 

In the newborn child and the young infant, the uterus lies wedged 
in the narrow cavity of the lesser pelvis between the base of the 
bladder and the rectum. Consequently its position depends in a 
large measure on the condition of these organs. At birth the bladder 
contains but a small amount of fluid while the rectum is distended 
with meconium; as a result the uterus is pressed forward and is 
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practically always more or less anteverted. Later in infancy, as the 
bladder descends into the pelvic cavity, the uterus may be both 
anteverted and anteflexed. With the bladder distended the uterus 
may be vertical or even retroflexed. The uterus is generally displaced 
a little to the right of the median line in the newborn, and its upper 
third generally lies above the plane of the superior aperture of the 
lesser pelvis. 


THE VAGINA, EXTERNAL GENITALIA AND URETHRA (Figs. 151, 152, 153) 


The vagina is from 2.5 to 3.5 cm. in length in the newborn (Ballan- 
tyne!). As in later life, the posterior wall is distinctly longer than 
the anterior one. The organ grows very slowly in childhood and 
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_ Fia. 154.—A graph illustrating the changes in the total length of the ut 
in fetal and early postnatal life. B, on the base line, indicates birth. Tren 
upon 385 observations. ) 


rapidly in the prepubertal period, but there is apparently great indi- 
vidual variation in the rate of longitudinal growth. Before the 
menarche there ‘is a marked increase in the number of blood vessels 
and the amount of elastic tissue in the vaginal walls. Post-natal in- 
volutional changes, such as occur in the uterus, have not been found 
in the vagina. 

The hymen in the infant generally appears as a thickened lip 
which surrounds the lower orifice of the vagina and projects somewhat * 
into the vestibule. It is relatively thicker and more vascular than in 
later life and is more superficially placed. During early childhood it 
gradually assumes a deeper position and takes on a diaphragmatic form. 

The labia majora and minor a are relatively large in infancy. The’ 
former are generally united below by a very definite posterior labial 
commissure. The glands of the lateral sides of the labia minor are 
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first developed at about three years: those of ial si i 
. 2 t 
‘ae ianetaatae y e of the medial side at eight 
The urethra is about 1.5 cm. long in infancy and 3.5 em. long 
at puberty. The diameter, as measured with the sound, is about 
4 mm. in infancy and 8 to 10 mm. at puberty (Gundobin’). A 
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Fie. 155.—Transverse section of the pelvis of a girl 4 years old. IL., ilium; Ov., 
ovary; S., sigmoid colon; Sac., sacrum; §.I., small intestine. (After Dwight.4) 


longitudinal ridge running from the external orifice of the urethra, or 
the superior margin of the hymen to the base of the clitoris, is generally 
quite prominent in childhood. 


THE MAMMARY GLAND 


At birth and in infancy the center of the areola, which corresponds 
to the nipple in later years, generally lies at the level of the fourth 
intercostal space or the fourth rib. The average distance between the 
areolar centers in the first year is 9.5 cm. according to the observations 
of von Stark.?°° With the growth of the thorax the nipples gradually 
move farther apart; in the sixth year the average distance between them 
is about 12 em. and at puberty about 16 cm. The lateral shifting of 
the nipples proceeds a little more rapidly than the increase in the trans- 
verse diameter of the thorax, so that the mammary line in maturity and 
later childhood is both relatively and absolutely farther from the 
median plane of the body than in infancy. 

In the latter part of fetal life the gland is composed of 15 or 20 
narrow tubules which branch several times near their termination. 
The terminal or secretory parts of these tubules are lined, as a rule, by 
a double layer of columnar cells; while the portions which represent 
the lactiferous ducts are lined by three or four layers of cells, although 
there is no sharp line of demarcation between the ducts and secretory 
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portions of the tubules. The epithelial elements of the gland are 
supported by a delicate connective tissue which contains some wander- 
ing cells. 

Within a few days after birth the glands begin the active production 
of their natal secretion or witches’ milk. Witches’ milk is formed in 
practically the same way as is the milk of adult lactation (Brouha”®). 
The mammary glands become swollen and project from the general 
level of the thorax. The alveoli are greatly distended and the cells 
lining them rapidly elaborate fat-droplets which escape into the lumina 
of the alveoli. The connective tissue which separates the alveoli is 
relatively reduced and is infiltrated with lymphocytes and other 
wandering cells some of which pass into the lumina of the glands. As 
the milk is not removed from the gland the lactiferous ducts become 
greatly distended. The secretion of witches’ milk usually ceases twO 
or threee weeks after birth, but cellular débris and milk-corpuscles are 
found in the lumina of the ducts for some time thereafter. The ducts 
are not reduced to their natal size until six months or more after birth. 
According to the observations of Herz, the glands are not larger in 
females than in males during the period of natal secretion. 

The finer structure of the mammary glands during the remainder of 
childhood is very incompletely known, but there seems to be little 
change between infancy and the latter years of childhood. Before 
puberty the mamme grow considerably in size, but this growth is due 
mainly to an increase in the amount of the interstitial connective 
tissue and fat. At puberty the lactiferous ducts become larger and 
numerous epithelial sprouts grow out from them. The elastic tissue 
of the gland also becomes more abundant and the vascularity increases. 
The male gland does not undergo these changes although there is an 
increase in its blood supply at puberty. 

The nipple generally begins to grow above the surface of the areola 
in the first year of life. It is not completely formed until puberty. 


THE DUCTLESS GLANDS 
THE THYROID GLAND (Fig. 177) 


The thyroid gland generally weighs from 1.5 to 2.5 gm. in the full- 
term newborn. The higher averages of 4 gm. or more, which are 
sometimes cited in the older literature, are based in practically all 
instances on material collected from or near the Alpine districts of 
Europe where congenital hyperthyroidism is common. The weight of 
the thyroid at birth is about 0.06 per cent. of the body weight. The | 
weight of the thyroid in childhood is very variable and reliable statistics 
on the subject are scanty. While there are a number of records of 
thyroid weights in children, there are comparatively few in which the 
material has been proven normal by histologic examination and with- 
out this proof their value is extremely doubtful. In general, the accept- 
able cases on record indicate that the weight of the gland increases to 
about 10 gm. by the tenth year, and to about 15 gm. at puberty. 


THE PARATHYROID GLANDS ile’ 


The dimensions of the thyroid in childhood are as variable as the 
weight. Weiben found that in the first two years of life the length of 
each lobe was from 2 to 3'cm., the breadth from 1 to 1.5 cm., and the 
thickness from 0.8 to 1.2cm. There is no particular relation between 
the dimensions and the age of the gland during this period. All of 
these dimensions are about one-half those of the mature gland. One 
gains the impression from dissections of the thyroid region in infants 
that the gland is larger in proportion to the larynx than in later life and 
that it covers a larger portion of the thyroid cartilage. 

Our information concerning the finer structure of the thyroid gland 
at birth and in early infancy is still in a very confused state. Norris?4 
has shown that the epithelial anlagen of the gland first breaks up into a 
number of plates and bands, and that follicles are formed from these 
structures. Follicle formation begins in the early part of the second 
fetal month and by the middle of the fourth month all of the original 
plates and bands are converted into these structures. Thereafter new 
follicles can be produced only by the budding or the division of older 
ones. Norris finds that the increase in the number of follicles up to the 
end of the fourth fetal month is very rapid; but that the subsequent 
growth of the gland, during the greater part of the remainder of fetal 
life at least, is due rather to the growth in the size of the follicles than 
to the increase in theirnumber. Very little is known about the growth 
of the follicles in post-natal life. The formation of new follicles after 
birth by the processes of budding and division has been described by 
Isenschmidt”**® and Hesselberg”*® and others. Gleim,?** who measured 
the follicles in a series of children from 10 days to 7 years of age, found: 
no definite evidence of any regular increase in their size after birth. 

Colloid appears in the thyroid follicles about the end of the third 
fetal month. It is preceded by a precolloidal material which appears 
granular in microscopic sections. _Anumber of observers have described 
the disappearance of the colloid in the latter part of fetal life and the 
desquamation of the lining epithelium of the follicle into its cavity. 
These phenomena are not constant ones and their interpretation is not 
clear. Possibly they represent a pathologic process or post-mortem 
degeneration. 

Parski244 and Forsyth?*? claim that accessory thyroid masses are 
not as numerous in infants as in adults. 


THE PARATHYROID GLANDS 


The number of parathyroid glands is probably as variable in the 
child as in the adult. Forsyth,”3? who carefully examined a large 
series of cases, concludes that the number of parathyroids is much 
higher in early life than in maturity. He found an average of four 
-parathyroids per thyroid lobe in the first year of life, 3.5 between one 
and five years; 1.5 in the second, and 0.7 in the third decade. Whether 
-all the bodies which Forsyth observed in infants were true parathyroids 
seems, to the writer, open to question. 
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The dimensions of the glands are as variable as their number. In 
early childhood they are generally between 3.0 and 5.5 mm. long 
although some are microscopic in size. 

At birth the glands are made up of compact masses of clear epithe-| 
lial cells separated by delicate connective tissue. Faint eosinophilic 
granulation can be made out in some of these cells during infancy but 
this is subject to great variation, and well-marked eosinophilic cells 
are not commonly seen until about ten years Lipoid droplets appear 
in the epithelial cells after birth and gradually become more numerous. 
Colloid has been observed in the parathyroids in infancy. 


Minor EPITHELIAL MASSES OF THE CERVICAL REGION 


Recently several investigators have noted the presence of numerous 
small epithelial masses, presumably of an endocrine nature, in the 
neighborhood of the thymus and thyroid, in infancy. These struc- 
tures have been described under various titles, among others as the 
juxtathymic bodies, the para-parathyroid-thymic bodies, and the 
glandule insularis cervicalis. It is probable, however, that they all 
belong in a single category. Pepere*4® has published the most com- 
plete description of these masses. They are of small size—a few 
millimeters in diameter at most—and are found scattered around 
the thymus and the thyroid gland, and in the connective tissue of the 
anterior part of the neck. Their finer structure is quite like that of the 
adult parathyroid glands but differs considerably from that of the infan- 
tile parathyroids. They disappear about the end of the first period of 
infancy. 

Whether these masses are, in fact, discrete organs, deserving a 
separate nomenclature, is, in the opinion of the writer, unsettled. 
It is very probable that they have been confused with the parathyroid 
glands in the past. This circumstance may account for the large 
number of parathyroids which some writers have found in infants 
and also for the great variation in the finer structure in the parathy- 
roids of childhood which has been reported so often. 


THE SUPRARENAL GLANDS (Figs. 127, 128, 129, 132, 143, 147, 156) 


The relative size of the suprarenals at birth is very great. They 
form approximately 0.2 per cent. of the entire body-weight in the aver- 
nee ig nige h newborn as compared with 0.01 per cent. in the average 
adult. 

The average actual weight of the two glands at birth is about 8 
gm. Although the weight of the suprarenals in the newborn may vary 
from 2 to 16 gm., these cases of extreme variation are not common. 
In a series of one hundred pairs of glands of full-term newborn children, 
the writer found the weight to be between 6 and 9 gm. in about one- 
half of the cases, between 9 and 16 gm. in about one-third, and between 
2 and 6 gm. in about one-sixth. As in the adult the left gland is 
generally heavier than the right. 
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The data on the post-natal weight changes in the suprarenals are 
rather scanty—the three most extensive series of observations being 
those of Scheel,?4° Blymenau22> and Starke and Weegrzynowski. 25° 
Averaging all available figures it is found that the suprarenals undergo 
a distinct post-natal decrease in weight, dropping from an average for 
both glands of about 8 gm. at birth to about 5 gm. in the first fortnight 
and to 4.36 gm. in the period between 14 days and three months after 
birth. Following this initial loss the structures increase in weight 
very slowly but it is probable that the initial weight is not regained 
until about puberty. The average weight in the third decade is 
about 15 gm. or a little less than twice the birth weight. There seems 
to be no constant sex difference in the weight of the suprarenals in 
childhood although the available figures indicate that in early maturity 
the bodies are heavier in females than in males. 


F - 
° 


Fic. 156.—Posterior view of the suprarenals and associated viscera in a full- 
term newborn child. D., duodenum; I.V.C., vena cava inferior; K., left kidney; 
L., caudate lobe of liver; L.S., left suprarenal; P., pancreas; R.8., right suprarenal; 
Sp., spleen; St., stomach. Natural size. 


At birth the suprarenals are generally from 2 to 2.5 cm. in length, 
2.5 to 3.5 em. in breadth and 0.8 to 1 cm. in thickness. According 
to the observations of Luna?*! the length and breadth remain almost un- 
changed in early childhood while the thickness is somewhat diminished. 
In the adult the length is generally from 2.5 to 3 cm., the breadth from 
4 to 5 cm., and the thickness 1 cm. or a little less” The furrows on the 
surfaces of the glands are particularly well marked at birth. At this 


- time their margins are widely separated and rounded while in the adult 


they are almost in contact. Le © di 
The finer structure of the suprarenal at birth is quite different from 
that of the adult gland. The cortex is retatively much thicker than 
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in later life and is divided into two zones. The outer, occupying the 
position of the zona glomerulosa of the adult, is quite thin. It is made 
up of cells which have much the structure of the adult cortex cells and 
which are said to contain lipoid droplets. The inner layer, which 
occupies the position of the zona fasciculata and zona reticularis of the 
adult is much thicker. It is composed of larger cells arranged in 
columns. ‘These cells are said to contain no lipoid. The cortex is 
hyperemic at birth. No pigment is found in the cortical cells in early 
post-natal life. 

The medulla is relatively small at birth. The chromaffin cells 
are present but not numerous. They are arranged in anastomosing 
columns one cell in width: Ganglion cells are present at birth. The 
vascular supply is particularly rich at this time (Blymenau?”?). 

The connective tissue framework of the gland is weakly developed 
and the elastic fibers in particular are scanty. Collections of lympho- 
cytes along the walls of the larger vessels have been reported. 

A remarkable series of changes take place in the cortex of the supra- 
renal during infancy. These changes were first described, I believe, 
by Starkel and Wegrzynowski.”*°® They were reported independently 
by Thomas”*‘ a little later, and by Armour and Elliott,?** and have 
been confirmed by a number of investigators since. Following the 
hyperemia of the cortex the large inner layer of this portion of the 
organ undergoes involution. The nuclei*of the inner cortical cells 
shrink, the cells show fatty degeneration, and the columns are broken 
up into irregular masses. The supporting connective tissue becomes 
flattened into a fibrous zone around the periphery of the medulla of 
the gland. This involution of the inner zone of the cortex begins 
immediately after birth and, according to the studies of Lewis and 
Pappenheimer,”*® is completed by the end of the second week. The 
outer zone of the cortex is not affected and all of the cortex of the adult 
gland is formed from this portion. The regeneration of the cortex 
does not take place until after the first three years of life. 

The topography of the suprarenals at birth is quite different 
from that of later life. The left suprarenal is in contact with the 
superior margin and the upper part of the anterior surface of the left 
kidney, and with the spleen, the stomach, and the body of the pancreas. 
In many cases the medial margin of the left suprarenal may come in 
contact with the liver just above the lesser curvature of the stomach 
The anterior surface of the right suprarenal is in contact with the 
anterior surface of the right kidney, and with a large part of the 
inferior surface of the right lobe of the liver just lateral to the fissure 
for the inferior vena cava. The relations of the newborn shift rapidly 
to those of the adult during the first few years of life but the details 
of the process are not known. 

Accessory Masses of Suprarenal Cortex.—Accessory masses 
of suprarenal cortex are very common in children. They are found 
both in the retroperitoneal tissue and associated with the genital 
organs. The retroperitoneal masses are generally found imbedded 


THE PARAGANGLIA 377 


in the capsule of the suprarenal glands or lie close to these organs; 
- but occasionally masses may be found elsewhere such as in the capsule 
of the kidney, the adventitia of the aorta, or the loose subperitoneal 
connective tissue. Their size is extremely variable; at times the 
suprarenals may be sprinkled with small cortical masses which are 
just visible to the naked eye, in 
other instances the bodies may 
be several millimeters in diam- 
eter. In male infants accessory 
cortical masses are commonly 
found in the tail of the epididy- 
mis or along the first part of 
the ductus deferens. These 
structures have been studied in 
detail by Wiesel.2°7 He found 
them present in about two- 
thirds of all the newborn 
children he examined. They 
may occur on one or both sides 
of the body but are commonest 
on the right side only. No 
bodies were found in children 
over one year old although 
masses which he regarded as 
involuting cortical tissue were 


é baat : Fig. 157.—Diagram illustrating the 
found in the epididymi of older minor chromaffin bodies of the posterior 


children. Accessory masses in abdominal wall of a child 40 days old. 


: . Ao., aorta; K., kidney; L., broad liga- 
female infants are found in the ment; Ov., ovary; IRs rectum; S.r., right 


broad ligament of the uterus suprarenal; U. ureter; U.T., uterine tube. 
i i i m es ar in 
ee modi iene 
The structure of these masses is practically the same as that of 
the cortex of the suprarenal glands in the child. Lewis and Pappen- 
heimer”? state that involution processes take place in the accessory 
cortical masses as in the glands proper. In rare instances chromaffin 
(medullary) cells are found associated with the accessory cortical 
masses. 


THE PARAGANGLIA (Fig. 147) 


The: various chromaffin bodies which are classified under this 
heading are well developed in early childhood. They are generally 
found associated with sympathetic plexuses of the larger arterial 
trunks, particularly those of the abdomen. The more important of 
these masses are listed below. ~ 

The aortic bodies, or organs of Zuckerkandl, are a pair of chro- 
maffin masses located on either side of the abdominal aorta at the 
level of the origin of the inferior mesenteric artery. They are gener- 
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ally about 10 mm. long and 2 to 4 mm. broad. In about one-fifth 
of all cases the superior poles of the two masses are connected by an- 
isthmus, but irregular forms are common. The bodies are composed 
of masses of chromaffin cells supported by a delicate connective tissue 
reticulum and surrounded by a definite fibrous capsule. They are 
intimately associated with the branches of the hypogastric nerve- 
plexus. The organs of Zuckerkandl are prominent at birth and 
increase somewhat in size in early childhood. In later childhood 
or adolescence they undergo partial degeneration and they are no 
longer macroscopically distinguishable in the adult, although chro- 
maffin cells can be found in the positions which they formerly occupied. 

Other minor chromaffin masses are found generally scattered in 
the retroperitoneal tissue of the posterior abdominal wall, associated 
with the female urogenital organs and the epididymis and prostate, 
and along the abdominal portion of the sympathetic cord. 

In the thorax, chromaffin bodies occur regularly in the posterior 
parts of the intercostal spaces near the ganglia of the sympathetic 
cord. They are also found scattered along the coronary arteries, and 
around the base of the aorta and pulmonary artery (Busacchi??’). 

The carotid gland, which represents these bodies in the neck, has 
been observed in the bodies of newborn children and infants but no 
particular description has been given of it. 


THE GLOMUS COCCYGEUM (LUSCHKA’S GLAND) * 


The glomus coceygeum is sometimes, probably erroneously, 
classified with the chromaffin bodies. Its structure in the infant 
has been investigated by Walker,?*> who finds that it is relatively 
as large at birth as in the adult and that it has in general the same 
form and structure as in maturity. 


THE HYPOPHYSIS (Fig. 158) 


The absolute weight of the hypophysis in the newborn is approxi- 
mately 0.10 gm., about one-sixth the weight of the adult gland. 
The birth weight increases about one-half in the first year and is 
doubled in the third year. At seven years the body has attained 
about one-half its adult weight, and by the close of puberty its post- 
natal growth is five-sixths completed. The relative weight is much 
greater in childhood than in maturity. According to the statistics of 
Lucien,**° it is. about 0.003 per cent. at birth and in the first year, 
about 0.002 per cent. at puberty, and about 0.0015 per cent. in the 
adult. Throughout post-natal life the average relative weight is 
always distinctly greater in females than in males. 

In infancy the hypophysis is aboit 10 mm. long, 7.5 mm. broad 
and 5 mm. thick; these dimensions are about two-thirds those of the 
adult body. 


The anterior lobe of the infant is said to differ but little in structure 
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from that of the adult. Both the clear, or chief, cells and the chromo- 
phile cells are present at birth, but the latter are small and few in 
number. The chromophile cells increase during childhood and are 
said by Erdheim”! to be equal in number to the chief cells at the 
close of the first decennium. A distinct increase in the number 
of chromophile cells also occurs at puberty. The cyanophile cells 
appear earlier than the eosinophile. 
Fine fat-droplets are found in the 
epithelial cells at birth and increase 
in number throughout childhood. 
The posterior lobe is richer in 
cellular elements and poorer in 
supporting fibers in infancy than 
in maturity. Colloid has been 
observed in the hypophysis both 
in infancy and in later childhood. 


AccESSORY MASSES OF HYPOPHYSEAL 
TISSUE (Fig. 158) 


A constant mass of hypophyseal ~ 
Aedes 158.—Semidiagrammatic 


Animes 


tissue, known as the pharyngeal 
hypophysis, is found in the con- 
nective tissue between the epithe- 
lium covering the vault of the 
pharynx and the floor of the skull 
just anterior to the pharyngeal 
tonsil. It is more prominent in 
childhood than in later life. 
According to Citelli,?* the pharyn- 
geal hypophysis is from 2 to 5.5 
mm. long in later childhood. Its 
finer structure is similar to that of 
the anterior lobe of the hypophysis 
proper. 


drawing of the upper portion of the 
pharynx and the sphenoid bone in a 
newborn child illustrating the position 


of the pharyngeal hypophysis. B.P., 
bursa pharyngea; H., anterior lobe of 
hypophysis; H’, posterior lobe of 
hypophysis; H.P., pharyngeal hypo- 
physis; N.O., optic nerve; O., ossifica- 
tion center of bone; S., ossification 
center of body of sphenoid bone; T.P., 
pharyngeal tonsil. The basipharyn- 
geal canal which is shown passing 
through the basiphenoid bone is pres- 
ent in only five per cent. of children 
at birth. (After Testut, Traité 
d’ Anatomie.) 


In rare instances small nodules having the same structure as the 
anterior lobe of the hypophysis are found in the basipharyngeal canal, 
which sometimes pierces the body of the sphenoid bone, and also in 


the dura which lines the floor of the hypophyseal fossa. 


Figure 135 


shows an example of the former anomaly. 


: 


THE PINEAL Bopy (EPIPHYSIS CEREBRI) 


The pineal body or gland weighs about 0.01 gm. in the newborn. 
This weight is increased to about 0.05 gm. at the end of the first year 
and to about 9.10 to 0.12 gm. at ten years. Thereafter the growth 
of the organ is slight, the average adult weight being about 0.13 gm. 
In the young child both the neuroglia and the interneuroglia (or 
supposedly secretory) cells can be clearly distinguished. The organ 
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begins to undergo involution at about seven years with the formation 
of neuroglial placques. The process of involution is said to have 
reached completion at 14 years. 


THE ABDOMINO-PELVIC CAVITY AND THE PERITONEUM 


In the newborn the abdominal portion of the body cavity is an 
ovoid space which is largest superiorly. Its transverse and antero- 
posterior diameters are greatest at a level a little above the umbilicus. 
Both of these diameters are relatively greater, both in comparison to 
the length of the abdominal cavity and to the total body-length, than 
in the older child and the adult. The posterior extensions of the cavity 
on either side of the vertebral column are less pronounced than in later 
life ; and the reduction in the anteroposterior diameter of the lower part 
of the cavity, caused by the lumbar curve, is practically absent. 

The pelvic portion of the body cavity is very small both absolutely 
and relatively at birth. It is more elongated than in later life and its 
cross section more closely approaches a circle. The pelvic cavity 
forms a less acute angle with the abdominal cavity in infancy than 
later because of the absence of the lumbar and sacral. curvatures. 

Although newborn and infant material has often been examined in 
connection with studies of the peritoneal reflections comparatively little 
work has been done toward determining the exact differences in these 
structures in infancy and maturity. Such data as we have indicate 
that the post-natal modifications are not great. Although one often 
encounters the statement that the peritoneal relations in the young 
infant approach the embryonic type more closely than they do in the 
adult, the few statistics which we have do not, in general, support 
this view. As Reid?®* has said: “‘ Apart from inflammation, adhesions 
found in the fetus and young child are scarcely if at all less extensive 
than those found in the adult. Practically all are developed whilst 
the parts are actively growing, and the most obvious causes for their 
formation are the pressure exerted by the relatively enormous fetal 
colon; the anchoring of or traction exerted by the genito-mesenteric 
fold of the peritoneum; and the firm resistance against pressure of the 
large liver...” All of these factors are most active some time 
before birth and their influence in post-natal life is probably negligible. 
A general description of the peritoneum is therefore unnecessary, but a 
few minor peculiarities seen in early life may be mentioned. _ 

At birth the greater omentum is relatively small. Its lower margin 
rarely extends below the level of the umbilicus. Its structure is 
extremely delicate, and elastic fibers are practically absent. Fat 
appears in the omentum, in the immediate vicinity of the larger vessels, 
about the eighth fetal month but it is still scanty in the newborn and 
infant. The openings, or fenestra, which are sometimes found in the 
adult omentum are said to appear after childhood. The fusion of the 
omentum with the mesentery of the transverse colon begins in fetal 
life, but is usually incomplete at birth. The fusion of the two layers 
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of the omentum takes place at such different periods in different indi- 
viduals that no general rule can be laid down regarding it. 

The general line of attachment of the mesentery of the small intes- 
tine is much the same in the infant and adult, except that it becomes 
more vertical with the elongation of the lumbar region in childhood. 
The length of the mesentery (from its attachment to the posterior 
abdominal wall to the intestine) is said to be relatively greater in early 
life than in maturity. 

The peritoneal relations of the duodenum are as variable in infants 
as in adults but, as a rule, the attachment of the tube to the posterior 
abdominal wall and surrounding structures is less complete than in later 
life. A detailed comparison of the attachments and fosse in this 
region in the newborn and the adult will be found in one of the series 
of papers on the peritoneum by Ancel and Cavaillon. 26! 

The peritoneal relations of the ileocecal segment of the intestine 
in childhood are dependent to a large extent upon its position. 
Alglave®® found the terminal part of the ileum and the cecum were 
adherent to the right kidney and the duodenum when the former 
structures were in the lumbar position. When in the iliac position, 
the cecum was found to have the ‘usual’ relations, with a complete 
covering of peritoneum and retrocolic and laterocolic ligaments, in 
about one-fourth of all cases. In about one-fourth of the cases it 
was more adherent than the ‘usual’ type and in about one-half less 
adherent. When the ileocecal segment was in the pelvic position it 
was always mobile. The genito-mesenteric fold (ileopelvic band), the 
various forms of the parietocolic fold, and more or less extensive varie- 
ties of the ‘bloodless folds of Treves,’’ with their concomitant fosse, 
have been observed in the late fetus and newborn by Jonnesco,!% 
Reid,?®. ?69 Kastman,7® 764 and others, but our data are not suffi- 
ciently extensive to warrant a statement as to the relative frequency 
of these structures in early life and maturity. 

The presence of an ascending mesocolon in the adult is generally 
regarded as the persistence of an embryonic condition but the majority 
of observers who have examined large series of specimens find that a 
mesentery in this region is less common in children than in later life. 
Ancel and Cavaillon,?®? in particular, found no ascending mesocolon 
in seventy late fetuses and newborn children which they examined, 
while it was present in about one-sixth of their adult cases. Further- 
more, they noted that the mesocolon in the latter cases was always com- 
posed of four layers of peritoneum—indicating that it was a secondary 
structure derived from the posterior abdominal wall after the primary 
two-layered mesocolon had fused with the parietal peritoneum of this 
region. j 

The transverse mesocolon is usually of considerable length in the 
newborn. Its fusion with the posterior layer of the greater omentum 
begins about the middle of fetal life, but is often incomplete at birth. 

The descending mesocolon, like the ascending, is less frequent in 
childhood than in after life. Ancel and Cavaillon found it present 
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in about one-sixth of their fetal and newborn material and in over one- 
third of adults. Like the ascending mesocolon, it is generally a second- 
ary formation and is composed of four layers of peritoneum, but the 
primary type consisting of two layers is sometimes found. 

The sigmoid colon of the infant almost always possesses a long 
mesentery. The line of attachment of this mesentery has the form of 
an inverted V, the apex of which is attached to the posterior abdominal 
wall near the median line, generally about the level of the umbilicus. 
A large fossa, the recessus intersigmoideus, lies between the two limbs 
of the line of attachment of the mesentery. This fossa is usually 
obliterated, from above downward, during childhood by the fusion of 
the left surface of the mesentery with the posterior abdominal wall. 

The chief peculiarity in the pelvic peritoneum in infancy is the great 
relative depth of the recto-vesical pouch in the male and the utero- 
vesical pouch in the female. The former extends so far inferiorly that 
a part of the posterior surface of the prostate receives a peritoneal 
investment. 

The peritoneal relations of the bladder in infancy vary greatly with 
the distension of that viscus. When the organ is contracted the peri- 
toneum is reflected over it from the anterior abdominal wall about mid- 
way between umbilicus and pubis, but when it is fully expanded this 
point may lie as high as the umbilicus. The plica vesicalis transversa 
is usually well marked in young children. 

The vaginal process of the male and the canal of Nuck (the corre- 
sponding structure in the female) are considered in connection with the 
descent of the testes and with the ovary (p. 361, p. 367). The peritoneal 
relations of the umbilical region are discussed in the section on the 
umbilicus (p. 403). 


THE VASCULAR SYSTEM 
THE FETAL CIRCULATION AND THE FETAL BLOOD PASSAGES (Fig. 159) 


The course of the blood in the late fetus is shown in diagrammatic 
fashion in Fig. 159. The “pure” or aterial blood from the placental 
capillaries enters the body through the single umbilical vein. It 
is carried through the intra-abdominal continuation of this vessel 
to the liver, where the umbilical vein is joined by the left branch of 
the portal vein carrying venous blood. The blood from the sinus 
formed by the union of these veins passes through the ductus venosus 
(D.V.) which joins with the inferior vena cava either directly or 
through the left hepatic veins. As the inferior vena cava is returning 
blood from the capillaries of the lower part of the body, there is a 
further mixture of venous and arterial blood at the point where it 
is joined by the ductus venosus. The inferior vena cava enters the 
posterior portion of the right atrium (auricle). The coronary sinus 
opening into the right atrium adds a little more venous blood to the. 
main blood stream. The superior vena cava also opens into the 
right atrium (R.A.), and it carries venous blood from capillaries 
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of the head and superior extremities. The ostium of the inferior 
vena cava is placed in the posterior part of the right atrium and 
immediately below and to the right of the foramen ovale, and its 
valve Is SO placed that it directs the blood stream towards this foramen. 
In spite of this anatomical arrangement, however, the blood of the 
inferior and superior vena cava is completely mixed in the right atrium. 
Of this fact we have positive evidence based upon experiments of 
Pohlman?*. ?°° on living fetuses of animals.* The mixed blood of 
the right atrium passesin part into the right ventricle and thence into the 
pulmonary artery (P.A.). A part of the blood from the main pulmo- 
nary artery -passes through its right and left branches to the lungs 
but the greater portion passes through the ductus arteriosus (D.A.) 
into the descending aorta. The part of the blood of the right atrium 
which does not flow into the right ventricle passes through the foramen 
ovale (F.O.) into the left atrium. Here it is joined by a small amount 
of venous blood which is returned by the pulmonary veins (P.v.) 
from the capillary bed of the lungs. The blood passes from the left 
atrium into the left ventricle and thence into the arch of the aorta 
(Ao.). After supplying the large arteries of the arch the remaining 
blood passes into the descending aorta where it is joined by the blood 
from the right ventricle, which comes through the ductus arteriosus 
'(D.A.). The blood passing through the descending aorta supplies 
_the various branches of this vessel and what remains flows into the 
‘umbilical arteries and thence to the capillaries of the placenta. 

In following this scheme of the fetal circulation it will be noticed: 
First, but one vessel in the body of the fetus, the umbilical vein, 
contains strictly arterial blood and this vessel gives off no important 
branches of supply except to the liver. Second, the blood upon 
entering the right atrium from the inferior vena cava has already 
received venous admixtures from three sources—the portal vein, the 
inferior vena cava, and the hepatic veins. Third, there is a complete 
mixture of the blood of the superior and inferior vene cave in the 
right atrium and a further addition of venous blood from the pulmonary 
veins in the left atrium. Consequently the blood which passes to 
the upper part of the body from the left atrium has been diluted with 
venous blood from five main sources since its entrance into the body 
through the umbilical vein, while the blood which passes from the 
right atrium through the pulmonary vein has been diluted by venous 
blood from four main sources. 

The amount of blood in the fetal circulation just before birth 

* Poklmann’s experiments were performed upon living pig embryos in which 
the circulation was rapid and normal. Granules of starch which were injected 
into the umbilical vein were recovered from both the right and the left ventricles 
indicating that the blood from the umbilical vein passed through both the right 
atrio-ventricular orifice and the foramen ovale. Injections into the superior 
vena cava gave the same results, showing that blood from this source also passed 


through both the above-mentioned openings. These interesting and conclusive 
experiments are described in detail in the Anatomical Record, vol. iii, No. 2 (Feb., 


1909). 
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Umbilical 
arteries 


Fre, 159.—Diagram of the fetal circulation. The vessels containing arterial 
blood are represented in outline only, those containing venous blood in heavy 
stipple, and those containing mixed blood in light stipple. The course of the 
blood stream is indicated by arrows. Ao., aorta; D.A., ductus arteriosus; D.V., 
ductus venosus; F.o., foramen ovale; H.v., hepatic veins; L.A., left atrium (auri- 
cle); L.V., left ventricle; P.a., pulmonary artery; P.v., pulmonary vein; R.A., right 
atrium (auricle); R.V., right ventricle; Umb., umbilicus. 
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- has been estimated to be between 250 and 350 c.c. It forms from 


one-thirteenth to one-ninth of the total body-weight at birth. About 
100 c.c. of this blood is contained in the placental vessels and capillaries. 

The change from the fetal to the post-natal type of circulation is 
brought about at birth by the closure of the fetal blood passages-— 
the umbilical vessels, the ductus venosus, the ductus arteriosus, and 


Fie. 160.—Diagram of the arch of the aorta, pulmonary artery and ductus 
arteriosus in the full-term fetus. Ao., aorta; D.A., ductus arteriosus; I.A., innom- 
inate artery; L.B., left bronchus; L.C.C., left common carotid artery; L.P.A., left 
pulmonary artery; L.Sc., left subclavian artery; N.V., vagus nerve; Tr., trachea; 
V.D.A., valve of the ductus arteriosus. (After Strassmann.*°) 


the foramen ovale. In the closure of all of these passages we can 
recognize two processes—the physiological occlusion which, with the 
possible exception of the foramen ovale, takes place immediately 
after birth, and the anatomical obliteration of the lumina which may 
take place days, months, or even years, after birth. These changes 
are considered in the following pages along with the detailed descrip- 
tions of the fetal blood passages. 


; 


THE DucTUS ARTERIOSUS ( Figs. 159, 160, 161, 162) 


The ductus arteriosus is a short trunk connecting the pulmonary 


‘artery with the upper part of the descending aorta. It arises as a 


direct continuation of the pulmonary artery at the point where that 

vessel gives off its right and left branches to the lungs, and joins the 

aorta at its medial border just below the point of origin of the left 
Vox. I—25 
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subclavian artery. The ductus arteriosus joins the aorta at an acute 
angle (30 to 35°), and the aortic orifice of the ductus Is therefore 
somewhat elongated. Along the upper and right margin of this 
orifice there is found a more or less prominent flap termed by Strass- 
mann?°! the valve of the ductus arteriosus (Fig. 160). It 1s, however, 
a fold between the ductus and the aorta rather than a true valve. 


Me 


Fic. 161.—Dissection of the pulmonary artery in the newborn child. A.Ao., 
arch of the aorta; D.A., ductus arteriosus; I.A., innominate artery; L.C.C., left 
common carotid artery; L.P.A., left pulmonary artery; L.Se., left subclavian 
artery; V.P., valves of pulmonary artery. (After Sclavounos.?9$) 


The length of the ductus arteriosus at birth is extremely variable, 
but in the majority of cases it is between 8 and 12mm. The caliber 
is about 8 mm. During the first three months of post-natal life, 
according to the observations of Gérard,?8? the ductus lies posterior 
to the left half of the sternum at the level of the lower part of the 
first intercostal space or the second rib. It descends during infancy 
to the level of the second intercostal space. The vessel is entirely 
extrapericardial in almost all cases. It is in contact with the left 
bronchus below, and the thymus gland covers it anteriorly. Its 
relations to the pulmonary arteries and the aorta are shown in Figs. 
160, 161. 

The finer structure of the ductus does not differ greatly from that 
of other large arterial trunks. The tunica intima is of considerable 
thickness. The lamina elastica interna is well marked and the tunica 
media is of the usual structure although perhaps containing less 
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elastic tissue than does the media of the aorta. There is no definite 
lamina elastica externa although there are numerous separate elastic 
fibers in this region. The adventitia blends with the loose connective 
tissue surrounding the vessel. 

Two distinct processes can be recognized in the closure of the 
ductus arteriosus as in the other fetal blood passages: The lumen of 
the vessel is occluded immediately after the establishment of respira- 
tion but it is not obliterated until a much later time. A great number 
of theories have been. advanced to explain the occlusion of the ductus 
at birth but, in the opinion of the writer, none are entirely free from 
legitimate objection. To discuss or even present these theories in any 
detail would require much more space than is available here but they 
may be classified into the five general groups as follows: 

(a) Theories postulating the compression of the ductus by struc- 
tures such as the bronchi when distended with air at the first inspira- 
tion; by the left bronchus with the extension of the head during or 
immediately after birth; or by connective tissue bands extending from 
the ductus to the diaphragm, which are pulled downward with the 
descent of the latter. (Most of the hypotheses of this class are of 
ancient origin and are not considered seriously at the present time.) 

(b) Theories Postulating the Reduction of the Lumen of the Ductus 
through the Change in Position of the Heart at Birth.—This movement 
has been interpreted both as stretching the ductus and thus reducing 
the caliber of its lumen, and as causing a kinking of the vessel with a 
mechanical obliteration of its cavity. 

(c) Theories Postulating a Reduction in the Pressure of the Pul- 
monary Artery to a Point Equal to or below That of the Aorta witha 
Consequent Collapse of the Wall of the Ductus.— Under this heading 
may be placed the hypothesis of Strassmann,*°' that the increased _ 
pressure in the aorta presses the fold of the ductus arteriosus against 
the orifice of that vessel. Strassmann supports his view by injection 
experiments. These have been repeated by several other workers, 
sometimes with negative and sometimes with positive results. Here 
also may be placed the theory that the collapse of the wall of the 
vessel occurs at the time when the falling pressure in the pulmonary 
artery and the rising pressure in the aorta are exactly equal, and a 
temporary stasis occurs in the ductus. 

(d) Theories Postulating the Formation of a Thrombus in the 
Ductus.—(These may be thrown out of court, as less than 1 per cent. 
of the ducts contain a thrombus at autopsy.) 

(e) Theories Postulating an Activity in the Wall of the Vessel.— 
These may be placed in two groups—those assuming a muscular con- 
traction of the vessel and those assuming an occlusion through the 
rapid proliferation of connective tissue of the intima. eh 

The reader desiring detailed information on this subject is referred 
to the papers of Gérard,?*? Strassmann,*” Schultze,2°”? Haberda,?*® 


Wells?®> and Kirstein.?** 
The obliteration of the ductus is better understood. Even before 


388 A SUMMARY OF THE ANATOMY OF THE INFANT AND CHILD 


birth there is a proliferation of the subendothelial tissue of the intima 
of the vessel. After birth, with the closure of the vessel, the process 
is accelerated. There is a hyperplasia of the connective tissue and 
elastic fibers of the intima, and of the inner part of the media as well; 
the lining endothelium disappears; and the lumen is filled with new 
connective tissue. This process generally begins in the middle part of 
the vessel and extends toward its extremities. A small depression in 
the wall of the descending aorta marks the position of the former ostium 
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Fia. 162.—A graph illustrating the obliteration (in per cent.) of the fetal blood- 
‘ passages in the first year. (After Seammon and Norris.2°) 


of the ductus for some time after obliteration is completed. The 
published data on the time of the obliteration of the ductus arteriosus 
have been collated by NorrisandScammon. Less than 1 per cent. of all 
cases show an obliteration of the lumen in the first ten days after birth. 
A period of rapid obliteration begins at about two weeks and continues 
until the end of the third month, at which time about one-half of all 
cases are obliterated. After this time the percentage of obliterations 
increases very slowly until the end of the first year when about 95 
per cent. of all cases show complete obliteration. After one year the 
ductus is closed in practically all normal children. 


THE DucTus VENOsUS (Figs. 159, 162, 163) 


The ductus venosus, or duct of Arantius, is a venous trunk which 
arises from the left branch of the portal vein just opposite the mouth of 
the umbilical vein, and terminates in the vena cava or more commonly 
in the left hepatic vein just before that channel joins the inferior vena 


THE FORAMEN OVALE } 389 


cava. It lies in the fossa for the ductus venosus between the left and 
caudate (Spigelian) lobes of the liver. In the newborn it is located 
practically in the median sagittal line of the body at the level of the 
ninth and tenth thoracic vertebre. At the time of birth the ductus 
venosus is 2 to 3 cm. in length and from 2 to 4 mm. in diameter. In 
about two-thirds of the cases a small and probably non-functioning 
valve is found at the portal end of the vessel. 

The ductus venosus has the structure of a muscular vein. The 
thick intima of the vessel is surrounded by a media consisting mainly 
of circularly arranged muscular fibers mixed with a considerable 
amount of elastic and some fibrous tissue. The adventitia of the vessel 
fuses with the surrounding connective tissue of the fossa and contains 
elastic fibers which have no regular arrangement. 

Obliteration of the ductus venosus generally begins in the second 
week of post-natal life and the lumen is impervious to a probe in most 
cases by the end of the second month. Obliteration begins at the 
portal end of the vessel and extends to the caval orifice. Often a 
funnel-like pocket from the left hepatic vein or vena cava inferior 
marks the position of the superior opening of the ductus venosus for a 
long time after birth. A small vein is generally found in the center of 
the ligament of the ductus venosus in later life. This vessel is not 
the remains of the ductus venosus, but is a new one which penetrates 
the connective tissue which fills the lumen of the original vessel. It is 
connected with the supra-umbilical veins below, and with the periph- 
eral venules which are found in the surrounding connective tissue 
of the fossa of the ductus venosus. 


THE FORAMEN OVALE (Figs. 159, 164, 166, 167) 


The foramen ovale is an aperture which connects the posterior 
part of the right atrium (auricle) with the left atrium throughout 
fetal life and for a variable period after birth. It is bounded by a 
rounded ridge, the limbus fosse ovalis or annulus of Vieussens, and 
is guarded on the left by a more or less extensive valve. The long 
axis of the foramen lies in the median line of the body, while the 
plane of the opering corresponds almost exactly to the frontal plane. 
Consequently the flow of blood through the foramen is from before 
backward and the old custom of placing the child on the side to aid 
in the closure of the valve at birth is without an anatomical basis. 
At birth the foramen is from 4 to 6 mm. in length and 3 or 4 mm. in 
breadth. atau 

The valve of the foramen ovale is a membranous flap which is 
attached to the superior and posterior margins of the left side of the 
opening. It consists of a fold of endothelium enclosing a core com- 
posed of small strands of cardiac muscle separated by delicate connec- 
tive tissue fibers, and a small amount of elastic tissue. 

The foramen ovale is probably functionally closed after the first 
respiration, With the return of more blood to the left atrium from 
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the pulmonary veins the pressure rises in this chamber and forces 
the valve against the margins of the foramen. The obliteration of 
the opening is a much slower process and never takes place in at least 


Fra. 163.—Views of the inferior surfaces of the livers of two children (A, new- 
born; B., one month old) showing the post-natal changes in the umbilical vein and 
ductus venosus. D.V., ductus venosus; I.V.C., inferior vena cava; L.D.V., liga- 
ment of the ductus venosus; P.V., portal vein; L.T., ligamentum teres; U.V., um- 
bilical vein. (After Richter.?%5) 


a fourth of all cases. Norris and Scammon2* have collected the 
published data on the closure of the foramen in childhood. They 
find that the foramen is obliterated in less than 3 per cent. of all 
cases in the first two weeks of life. After this period obliteration 
proceeds more rapidly until the fourth month when approximately 
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_ one-third of all cases are obliterated. After three months the percen- 
tage of obliterations rises very slowly until maturity when about 
72 per cent. of all cases show a complete closure of the aperture. 

According to Hintze,?** the obliteration of the foramen is brought 
about by the irritation caused by the free margin of the valve rubbing 
against the margin of the aperture. By this irritation the cells of 
the surface endothelium are destroyed and a proliferation .of the 
underlying connective tissue is induced which results in the fusion 
of the valve with the margin of the opening. 


THE UMBILICAL ARTERIES (Figs. 121, 132, 147, 151, 159, 170) 


The umbilical arteries form the direct continuation of the hypo- 
gastric (internal iliac) arteries in the full-term fetus. Arising near 
the upper margin of the lesser pelvis, they run forward beside the 
ureters and gain the posterior surface of the anterior abdominal 
wall. They then pass upward on either side of the bladder and urachus, 
and turning over the lower margin of the umbilical ring enter the 
umbilical cord. The umbilical arteries give off small branches to 
the bladder and ureters. 

The umbilical arteries, at their origins, have practically the same 
structure as the other larger arterial trunks, but as they approach 
the umbilicus their lumina become small and irregular and their 
walls are greatly thickened. The thickening of the walls of the 
arteries in the neighborhood of the umbilicus is due mainly to the 
increase in the number of longitudinal smooth muscle fibers in the inner 
part of the tunica media. While elastic tissue is abundant in this 
segment of the vessels the lamina elastica interna is broken up into 
a number of discrete fibers. As the arteries pass into the mucus 
connective tissue of the umbilical cord their external coats receive 
investments of fibrous tissue termed mantel zones. At this level, 
also, the thickness of the muscular coats is again reduced and the 
lumina of the vessels are indented by a series of irregular elevations 
and spirally arranged folds known as the valves of Hoboken. 

The post-natal changes which convert the upper segments of the 
umbilical arteries into the lateral umbilical ligaments cover a con- 
siderable period. Immediately the umbilical cord is severed the 
arteries undergo a contraction so that the flow of blood from their 
cut ends is generally entirely arrested even though they are not 
ligated. Thrombi are often formed in the distal ends of the arteries. 
The actual obliteration of the lumina is brought about by the pro- 
liferation of connective tissue in the tunica media and tunica intima 
of the vessels. Evidences of this proliferation are seen in the walls 
of the vessels some time before birth. Obliteration proceeds centri- 
petally, and by the close of the second or third month the vessels 
are usually closed down to the level of the superior vesical artery. 

. The umbilical arteries usually undergo some longitudinal retrac- 
tion. This process is apparently an extremely irregular and variable 
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one. Haberda?** found that it was usually first evident in the third 

-week when the vessels were generally less than 1 cm. below the umbili- 
cus. In children of three months the retraction amounted on the 
average to 4 or 4.5 cm., and the ends of the arteries lay at the level 
of the apex of the bladder. The nature of this retraction 1s still 
incompletely understood. 


THE UMBILICAL VEIN (Figs. 123, 127, 132, 151, 159, 162, 163, 170, 171) 


The intra-abdominal portion of the umbilical vein is about 2 cm. in 
length in the newborn. Arising as the direct extension of the umbilical 
vein of the funis, it extends upward and a little to the right from the 
umbilical ring to the porta hepatis where it joins the right branch 
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Fic. 164.—Frontal section of the thorax of a premature child of the 7th fetal 
month. F.o., foramen ovale; L., L’, liver; I.V.C., inferior vena cava; L.V., left 
ventricle; R.L., right lung; St., stomach; T., thymus; V.I.D., right innominate 
vein. 


of the portal vein, forming a sinus of some size. Throughout the 
greater part of its course it is inclosed between the layers of the 
falciform ligament. Before joining the portal vein the umbilical 
trunk gives off several large intrahepatic branches which are distrib- 
uted directly to the liver tissue. 

As compared with the umbilical arteries the vein is thin walled 
and has a large lumen. The tunica interna is not sharply marked off 
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from the media by an elastic membrane in the intra-abdominal portion 
of the vein although a definite elastica interna is present at the umbilical 
ring. The media is composed of bundles of smooth muscle many of 
which are directed longitudinally and obliquely. These bundles 
are embedded in a large amount of connective tissue which also 
contains some elastic fibers. The intra-abdominal part of the vein 
_has an adventitia which also contains elastic tissue. 

The post-natal involution of the umbilical vein is somewhat 
similar to that of the umbilical arteries. The vessel contracts when 
it is severed, although not as vigorously as do the arteries, and a 
thrombus is sometimes formed in its lumen. In the immediate 
vicinity of the umbilicus there is an infiltration of the lumen by 
connective tissue in the first week, but above this point the cavity 
remains patent for some time although it is much reduced in size. 
It is usually about two months before the lumen is obliterated to the 
level of the lower margin of the liver and small closed cysts may persist 
long’ after this time. The vein undergoes some retraction after 
birth. 

Closely associated with the umbilical vein is the set of vessels 
known as the parumbilical veins. These vessels arise as extensions 
of the inferior epigastric veins and of the vesical plexus, and after 
passing upward along the umbilicus enter the falciform ligament. 
Here they may either run along the ligamentum teres to anastomose 
with the portal vein, or a vessel may penetrate the ligament and pass 
upward through its core to join the portal. The vessel which is 
found in the ligament was at one time regarded as the remains of the 
umbilical vein but it is now considered a new growth similar to the 
vein found in the ligament of the ductus venosus. The parumbilical 
anastomosis is permeable to injection fluids in about two-thirds of all 
children under four years and in about two-fifths of adults (Haberda?**). 
In cases of portal obstruction its elements may develop into vessels 
of considerable size. 


THE HEarT ( Figs. 122, 123, 160, 164, 165, 166, 167, 168, 169) 


The absolute weight of the heart in the full-term newborn child is 
20 to 25 gm. ‘This weight is doubled in the first two years of life, 
tripled in four years, and increased about sixfold by puberty. There is 
a rapid increase in the heart weight during adolescence, and the heart 
of the adult weighs from 10 to 13 times that of the newborn. The 
relative weight of the heart of the newborn is distinctly greater than 
that of the adult. At birth the heart forms 0.65 to 0.80 per cent. of 
the total body-weight. With the great increase in body-weight during 
the first year, this percentage drops rapidly to about 0.45. During the 
second year the relative heart weight again rises to about 0.50 and this 
relation obtains, with individual variations, throughout the remainder 
of childhood and maturity. If the weight of the heart of the newborn 
be compared to the combined weight of the body and the fetal placenta, 
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it is found that the relation which the organ bears to the tissues which 
it supplies with blood is little if any greater than in the adult. 

According to the statistics of Miller,** the weight relations of the 
atria (auricles) and ventricles change somewhat during childhood. 
At birth and during the first year the weight of the ventricles is to 
that of the atria as four or five to one. From the first year on the 
ventricles grow more rapidly than the atria so that the weight relation 
between the two is little less than six to one in later childhood and a 
little more than six to one in adult life. 


Fig. 165.—Left anterior view of the heart of a full-term newborn child. Natural 
size. 


In the newborn, according to the observations of the same author, 
the left ventricle weighs about one-fourth more than the right one. 
But the left grows so rapidly that by the end of the second year it 
weighs twice as much as the right and from that time on to puberty 
even a little more. From puberty until the end of the fourth decade 
the left ventricle is approximately twice the weight of the right one. 

The difference in the post-natal development of the right and left 
ventricles is also illustrated by the changes in thickness of their lateral 
walls. At birth the average thickness of the lateral walls of the right 
and left ventricles is approximately equal (about 5 mm.) but by the 
end of the first month the left one is distinctly the thicker. At the 
end of the second year the wall of the left ventricle is twice as thick, 
and by puberty three times as thick as the right. 

The dimensions of the heart are very variable in early life and the 
possibilities of error in their measurement are great. Consequently, 
in the opinion of the writer at least, no great value can be assigned to 
the descriptions of Barthez and Rillet?’7 and others of minor changes 
in the dimensional relations of the organ in childhood. In general it 
may be said that the dimensional increase in the heart in early child- 
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hood is not as great as its weight increase or, in other words, the weight 
increase of the organ is caused by the growth in thickness of its walls 
rather than by their general expansion. In later childhood the rates 
of weight and of dimensional increase are more nearly equal. Table 
23 below is a summary of the observations of Bizot on this subject. 


Fie. 166.—Dissection of the heart of a full-term stillborn child, showing the 
cavities of the left atrium (auricle) and ventricle. Ao., aorta; I.V.C., inferior vena 
cava; P.V., pulmonary veins; 8.V.C., superior vena cava; V., valve of foramen 
ovale. Twice natural size. 


TaBLE 23.—THE DIMENSIONS OF THE. HART IN CHILDHOOD (AFTER BizoT?’®) 


: Breadth, centi- Thickness, centi- 
Age Length, centimeters Spee yey oe 
Boys 
to A -yralls 2522). 5.14 6.09 2.44 
gbOCD VIB oe asst 3 7.04 7.44 2.89 
BOG LS: yEBt 2k ic « 7.67 8.35 3.16 
Girls 
; 
Eto Ary Teva. Sb! 5.10 5.83 2.28 
Site O yvTS sae ee 6.0 6.54 2.55 
OOS OP Yast > =~ 6.59 7.04 2.84 
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Bardeen27* has recently investigated the post-natal changes in 
the weight and volume of the heart by means of teleroentgenography of 
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the living. His findings by this method are somewhat different from 
the older anatomic ones. According to his calculations, which have 
been carefully checked by experimental work on cadavers, the weight 
of the heart in the newborn is about 30 gm. This is increased five-fold 
in the first six years, ten-fold by puberty and fifteen-fold by the close 
of the second decade. The volume of the heart, in diastole, is about 
35 to 40 c.c. at birth. This is increased about seven-or eightfold in the 
first decade and from sixteen- to eighteen-fold by the close of the second 
decade. 


Fie. 167.—Transverse section of the thorax of a newborn child passing through 
the four chambers of the heart. F.O., foramen ovale; L.A., left atrium (auricle); 
L.V., left ventricle; I.V.C., inferior vena eava; P.V., pulmonary vein; R.A., right 
atrium (auricle); R.V., right ventricle. Natural size. 


In the full-term infant in which respiration is well established the 
heart lies practically mid-way between the crown of the head and the 
pelvic extremity of the trunk.* It lies in front of the vertebral column 
from the fifth to the eighth or ninth thoracic vertebre and behind the 
lower half or more of the sternum and the costal cartilages of the 

* All anatomic data on the position of the heart in the newborn and young 
infant are to be accepted with caution. After death, with the body in dorsal 
decubitus, the large liver tends to fall downward and forward and the delicate 


diaphragm and associated ligaments are unable to support it. With the dis- 


placement of the liver the heart also is pulled downward and the normal relation- 
ships are considerably altered. 
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third, fourth, fifth, sixth and sometimes seventh rib on the left side 
The axis of the heart is more nearly transverse than in later life The 
apex 1s generally placed in the fifth intercostal space on or just lateral 
to the left mammillary line. The apex beat is usually found in the 
fourth intercostal space (von Stark, Troitzky®*), 

In the young infant, as in the adult, the greater part of the anterior 
surface of the heart is formed by the right atrium and right ventricle. 
The bare area of the heart is relatively larger at birth than in later life, 


Fia. 168.—Outline of the anterior wall of the thorax of a newborn child showing 
the position of the heart and some of the cardiac orifices. A.O., aortic orifice; 
Be., bicuspid valve; P.O., pulmonary orifice. The ribs are indicated m Roman 
numerals and the intercostal spaces in Arabic numerals. (After Mettenheimer.}) 


and the greater part of the anterior wall of the right ventricle and some- 
times a little of the left ventricle and the right auricular appendage 
come in contact with the anterior chest-wall. As the lungs acquire their 
full expansion in the first week after birth the extent of the bare area is 
somewhat reduced. The thymus generally covers the anterior surface 
of the right atrium except for the auricular appendage and may also 
extend a little over the base of the right ventricle. 

The position of the orifices and valves of the heart in relation to the 
skeleton in the newborn is shown in Figs. 167, 168. The pulmonary 
orifice lies at the juncture of the upper part of the third rib with the 
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left margin of the sternum. The aortic orifice lies under the cover of 
the left half of the sternum at the level of the third rib. Th mitrals 
or bicuspid valve is a little to the left of the mid-line of the sternum 
at the level of the third intercostal space and the fourth ribs. Its 
surfaces lie practically in the frontal plane of the body. The tricuspid 
valve lies to the right of the mitral and at a slightly lower level (fourth 
rib, fourth intercostal space and sometimes fifth rib). The foramen 
ovale lies with its long axis in the median line of the body at the level 
of the third intercostal space. The valve of the foramen ovale is 
almost exactly in the frontal plane of the body. 


Fre. 169.—An outline drawing of a radiograph of the thorax of a new ild; 
Lead plates were inserted in the cardiac i foes and appear as Bixee ey rane 
figure. The ribs are numbered in Arabic, the intercostal spaces in Roman 
numerals, A.O., aortic orifice; Be., bicuspid valve; Cl., clavicle. P.O. pulmonary 
orifice; S., ossification centers of the sternum; Tc., tricuspid valve. (Modified 
from Debierre, Looten, Beun, Tramblin, et Lheureux.?3°) 


We have very few anatomical data regarding the change in positi 
of the heart during childhood, but the aie of the Bes Ae of ee 
ical diagnosis show that the organ is gradually shifted downward and 
a little to the right. According to the observations of von Starks 
the apex beat is most commonly found in the fourth intercostal space 
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during the first year of life. From the second to the seventh years it 
may be in the fourth or the fifth intercostal space or in both. After 
the seventh year it is almost always in the fifth intercostal space. 
Until the end of the third year the point of the apex beat is generally 
lateral to the left mammillary line; in the fourth, fifth, and sixth years 
it is commonly upon it; and thereafter it is medial to the mammillary 
line in the majority of cases. The change in the relation of the apex 
beat to the mammillary line is due both to the movement of the beat 
medially and to the shifting of the mamme laterally along with the 
growth of the anterior chest wall. The conclusions of von Stark are 
supported by the observations of other and later authors. 


THE POST-NATAL GROWTH OF THE BLOOD-VESSELS 


According to the observations of Thoma,?* the average cross- 
section area of ascending portion of the arch of the aorta is about 28 
Square mm. in the newborn and during the first 10 days of post-natal 
life. This area is doubled in the second year, increased fivefold by 
five or six years, and increased about tenfold by the middle of the third 
decade. By this time the body-weight is increased about twenty-fold 
and the weight of the heart about fifteen-fold. Thus in proportion 
to the body-weight the lumen of the aorta is twice as great in the new- 
born as the adult and in proportion to the heart weight nearly one and 
one-half times as great. The change in these relations begins in in- 
fancy but proceeds very slowly during the first period of childhood. It 
is much more rapid just prior to and during puberty but is not com- 
pleted until early maturity. 

The relation of the caliber of the arch of the aorta to its branches 
is also greatly modified in childhood. At birth the combined cross- 
section area of the vessels which conduct blood away from the arch 
of the aorta (the descending part of the thoracic aorta, innominate 
artery, left common carotid, and left subclavian arteries and smaller 
arterial twigs) is not quite equal to that of the vessels which carry blood 
to the arch (the ascending aorta and ductus arteriosus). But with 
the closure of the ductus arteriosus the cross-section area of the stream 
supplying the aortic arch is suddenly reduced to almost half that of the 
vessels which carry the blood away from the arch. According to the 
measurements of Thoma, this discrepancy is adjusted, in a large meas- 
ure, in the first years by the relatively small increase in the caliber of 
the branches which carry blood away from the arch. However, the 
cross-seetion area of the vessels of supply and drainage does not become 
equal until maturity. . 

The history of the abdominal aorta is also striking. The cross- 
section area of this vessel is 16.5 mm. in the newborn and about 80 mm. 
or five times as much, in the adult. In the meantime, the volume of 
the part of the body supplied by this vessel increases about thirty-fold. 
Thus the abdominal aorta is relatively nearly six times larger in sec- 
tion at birth than in early maturity, The closure of the umbilical 
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arteries affects the abdominal aorta much as the amputation of a limb 
affects its arterial trunk of supply; and during early infancy the vessel 
actually undergoes a reduction in caliber of about one-fourth. This 
post-natal reduction is not recovered until the second year. While the 
caliber of the ascending aorta at birth is considerably less than that 
of vessels which it supplies the abdominal artery is considerably larger 
than the combined cross-section area of its branches. This inequality 
persists to some extent throughout early life and maturity although it 
is most marked in infancy. 

The larger arterial trunks which supply the head and neck and the 
extremities enlarge to some extent in accordance with the post-natal 
growth of these parts, but the relation is not a very. exact one. 
Thoma’s measurements indicate that the cross-section area of both 
common carotid arteries is increased about fivefold between birth and 
the middle of the third decade and the volume of the head and neck 
also increases about fivefold. On the other hand the left subclavian 
artery only increases about sevenfold while the volume of the left 
upper extremity increases nearly sixteen-fold. 

The post-natal growth of the arteries which supply the viscera has 
not been studied in great detail. The table of Nikiforoff?®? quoted 
below shows some of the differences in the relative blood supply of 
the larger organs in the newborn and adult. 

We know almost nothing of the post-natal growth in length of the 
arteries. Some observations made many years ago by Schwalbe?*? 
indicate that the absolute length of the aorta increases about threefold 
between birth and maturity. The lower part of the abdominal aorta 
apparently grows a little more than the remainder of the vessel. 


TaBLE 24.—ReELATIVE BLoop SUPPLY OF ORGANS AT BIRTH AND IN THE ADULT 
(Arter NIKIFOROFF?"2) 


Relative blood supply* 
Organ 

Newborn Adult 
Tugs has Ree Ree eee f 0.92 2.25 
ESichn eid Wana kiddie cc. cee aed 0.85 3.14 
Hearten ie). Aloo tee eee 0.83 3.42 
Spleen ty. ¢..atht: a6 aeeaeee: Dee 0.66 3.00 
Digestive tuber... thaw eee eae 0.62 1.25 
Liver A REN ee oe Line 0.36 1.88 
BRAIN oiese-a stiches! « tones at Se ee | 0.14 1.56 


In fetal life the growth in thickness of the walls of arteries takes 
place almost entirely in the tunica media and externa, while the 
Interna remains almost unchanged from the fourth fetal month until 


*Relative blood supply equals total caliber of supplvi ivi 
pplying vessels divided b 
00 of the weight of the organ. 4 
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birth. After birth, however, the tunica interna grows much more 
rapidly than the tunica media. According to the observations of 
Aschoff?’4, 275 and Grimdstein,?*4 the media of the common carotid 
artery is practically doubled between birth and maturity, and the 
media of the aorta is more than tripled. During the same period the 
tunica interna of the carotid increases sixfold and that of the aorta 
more than tenfold. Apparently most of the growth in the media 

takes place before puberty. Sometimes a considerable growth of the 
intima is noted as early as five years. 

Although the absolute thickness of the walls of arteries increases 
considerably during childhood the relative thickness, as compared to 
the diameter of the lumen of the vessel, is steadily diminished. 

The venous system in infancy is less developed, on the whole, than 
in later life. The statement is made that the volume of the arterial . 

- and the venous systems is about equal in infancy while the capacity 
of the veins is about double that of the arteries in maturity; but I 
have been unable to find any direct statistical evidence in support of 
it. The course of the smaller veins is straighter in children than in 
adults and the valves are relatively more numerous and more efficient. 
There is said to be a considerable growth of the veins about puberty. 


THE Umpiticus (Figs. 121, 132, 147, 151, 159, 170, 171, 172) 


The umbilicus of the full-term newborn is located about 1.5 cm. below 
the mid-point between the crown of the head and the soles of the feet. 
With the growth of the inferior extremities it assumes a higher posi- . 
tion. At one year it is practically the mid-point between the crown 
and the sole. In the adult approximately three-fifths of the body 
length is inferior to the umbilicus. 


=i Ue I l) 
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Fie. 170.—A cross section of the umbilicus of a full-term newborn child. 
Bie Nadtghikienl artery; U.C., umbilical cord; U.V., umbilical vein. One and one- 
half times natural size. 


The umbilicus of the newborn consists of the base or root of 
- the umbilical cord with the vessels contained within it; the umbilical 
skeleton which is made up of a number of structures of fibrous connec- 
tive tissue; and the peritoneum which forms its posterior covering. 
These three main portions will be considered separately. 

Vou. I—26 
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The fibrous skeleton of the umbilicus is formed mainly from the 
linea alba. As this structure approaches the umbilical region it 
becomes considerably wider. In the center of this widened area is a 
gap or aperture through which the umbilical vessels pass from the 
cord to the abdominal cavity, This aperture is surrounded by a 
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Fie. 171.—Drawings of the peritoneal surface of the umbilical region of four 
children three to four months old. F.U., umbilical fascia; U.YV., umbilical vein. 
(After Sachs, *15) 


thickened margin known as the umbilical ring. The umbilical ring 
is formed by the interlacing of the oblique fibers from the two sides 
of the linea alba and, like that structure, is composed of white fibrous 
tissue, The presence of elastic fibers and smooth muscle in the 
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umbilical ring, which was described by older writers, has not been 
confirmed by modern investigation. The umbilical arteries and the 
fibrous cord which represents the urachus are attached to the lower 
margin of the ring, while the umbilical vein forms a less firm connec- 
tion with the upper margin: The umbilical ring is in contact with the 
superficial fat and fascia anteriorly and with the transversalis fascia 
posteriorly. The latter is generally thin and inconspicuous in this 
region but in some cases its fibers are considerably thickened, and 
form prominent transverse bands which pass across the umbilical 
region and which are known as the umbilical fascia. The arrangement 
of these fibers is shown in Fig. 171. As will be seen in this figure, 
the fascia is generally much better developed over the upper than 
over the lower half of the umbilical aperture. 

The umbilical cord at its fetal end consists of an external covering 
of simple cuboidal or squamous epithelium which encloses a core of 
mucus. connective tissue, or jelly of Wharton. Imbedded in this 
jelly are the two umbilical arteries and the single umbilical vein. 
The epidermis of the abdomen extends out a centimeter or so from the 
attachment of the cord before passing over into the simple epithelium 
which covers the remainder of that structure. The jelly of Wharton 
fuses with the connective tissue of the superficial fascia and projects 
to a variable degree into the umbilical opening. The two umbilical 
arteries run side by side to the lower margin of the umbilical ring 
and, passing over this structure, continue their intra-abdominal course 
along either side of the urachus. As has been pointed out in the 
description of the umbilical arteries, the outer parts of their adventi- 
tious coats are condensed into a fibrous layer sometimes known as 
the mantle zone. As the arteries pass over the inferior portion of 
the umbilical ring the free edges of the mantle zones fuse with this 
structure. The umbilical vein turns upward as it goes through the 
umbilical ring and passes over the superior margin of that structure. 
As it does so it forms a weak fibrous connection with the ring above 
and a considerably stronger one with the arteries below. The vein, 
after crossing the superior margin of the umbilical ring, runs a short 
way in a canal bounded by the posterior surfaces of the recti muscles 
in front and the transversalis fascia behind; it then passes into the 
falciform ligament. 

The peritoneum posterior to the umbilicus is reflected over the 
umbilical arteries and vein and the umbilical ring. As a rule its 
surface is smooth but it may be reflected around the superior and 
inferior, margins of the umbilical fascia or project as a pocket into 
the space which sometimes intervenes between the vein and the upper 
or lateral margins of the umbilical ring. 

The blood supply of the umbilicus comes from the small arterial 
springs from the superior vesical arteries below, the inferior epigastric 
arteries laterally and from the hepatic arteries above. These vessels 
inosculate posterior to the umbilical ring forming a circle termed by 
Hyrtl#° the circulus arteriosus umbilicatus. From this circle small. 
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vessels pass through into the connective tissue of the umbilicus and 
supply it and the covering integument. They form a subcutaneous 
plexus which extends out on the umbilical cord a little beyond the 
line of termination of the epithelium of the body-skin. The venous 
drainage of the umbilicus is mainly through the parumbilical veins. 

The lymphatic drainage of the umbilicus has been carefully 
studied by Cunéo and Marcille*”’ whose illustration 1s reproduced 
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Fic. 172.—Posterior view of the anterior abdominal wall of a newborn child, 
showing the deep lymphatic drainage of the umbilical region. (After Cunéo et 
Marcille.*°7) 


in Fig. 172. Following these authors the lymphatics can be divided 
into three sets: (1) the cutaneous lymphatics; (2) the lymphatics 
of the fibrous nucleus; (3) the lymphatics of the umbilical ring proper. 
The cutaneous lymphatics arise from the skin overlying the umbilical 
ring and run downward immediately under the integument, to termi- 
nate in the superficial inguinal glands. Those of the fibrous nucleus 
arise around that structure; they pass laterally and, piercing the 
sheath of the rectus abdominis, reach the deep epigastric artery; 
they follow the course of the artery to the posterior wall of the rectus 
sheath where they join with the other lymphatics which drain this 
region. The lymphatics of the umbilical ring are divided into an 
anterior and a posterior set. The anterior lymphatics arise around 
the umbilicus on the anterior surface of the sheath of the rectus. 
Part of them join with the lymphatics of the nucleus and part join 
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the posterior ones. The posterior lymphatics lie on the posterior 
surface of the rectus. Part of the trunks draining them join with 
some of those from the anterior lymphatics and pass to the anterior 
retro-crural gland or a juxta-aortic gland. Others, joining with the 
lymphatics of _the fibrous nucleus, pass along the deep epigastric 
artery to terminate in the external iliac glands. Small lymph glands 
are found in the subperitoneal tissue both above and below the umbili- 
cus in the infant. Both the umbilical arteries and the umbilical vein 
are supplied with lymphatics which follow them as far as the umbilicus 
and a centimeter or so into the cord. The lymphatics of the vein 
join those of the portal fissure of the liver while those of the arteries 
communicate with those of the bladder. 

After the ligation of the umbilical cord at birth the stump which 
remains undergoes desiccation and at the close of a few days is cast 
off as a foreign body. In the meantime, the skin covering the margin 
of the umbilical ring begins to fold in at the base of the stump, first 
at its inferior margin and later around its entire circumference. 
There is thus formed a crater-like depression to the floor of which is 
attached the mummified remains of the umbilical cord. When the 
stump of the cord is finally detached there is exposed a small area 
covered with granulation tissue and containing the obliterated ends 
of the umbilical vessels. The skin lining the sides of the umbilical 
funnel quickly grows over this area and completes the cutaneous 
umbilicus. At the same time the delicate connective tissue which 
formerly constituted the root of the umbilical cord is rapidly converted 
into a dense fibrous mass which remains throughout life as the nucleus 
of the umbilicus. These changes are usually completed by the end 
of the third week of life. 

The causes of the umbilication of the ring are still obscure. The 
traction of the contracting and retracting umbilical vessels; the 
supposed sphincter-like action of the umbilical ring; and the pull of 
the umbilical arteries due to the change in the shape of the abdomen 
and the position of the body after birth have been suggested as factors 
in the process. Meyer*!? has recently contributed an excellent 
discussion of this problem. 

The changes in the umbilical vessels after birth have already been 
considered. 


THE LYMPHOID ORGANS (INCLUDING THE THYMUS) 
THE LyMPHATIC GLANDS 


Our knowledge of the anatomy of the lymphatic glands in children, 
particularly of their finer structure and growth, is still extremely 
fragmentary. At birth the size of these structures varies from micro- 
scopic proportions to that of a large pea. They are of pinkish color, 
being almost entirely free from the surrounding fat which gives them 
the yellowish shade seen in later life. The connective tissue capsule 
and trabecule which form the supporting framework are very thin 
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and delicate, and the reticular tissue network is composed of cells 
richer in protoplasm than those of the adult gland. The lymphoid 
tissue is very abundant and is arranged peripherally in large, rather 
indistinct nodules which are less numerous than in the adult. Germi-. 
nal centers are hardly ever seen in the lymph-glands of the newborn. 
According to Gundobin,’ they first appear in the second month of post- 
natal life and do not stand out plainly until the third year. Although 
present and of considerable diameter, the peripheral lymph-sinuses 
are often inconspicuous in the newborn and adult, because of the 
number of lymphocytes which they contain. 

The amount of lymphoid tissue segregated in the lymph-nodes is 
considerable at birth, increases steadily during childhood, and after 
puberty undergoes at least a relative reduction. The increase during 
childhood is due in part to the growth of the glands already present 
at birth and in part to the formation of new glands. Wullenweber,?** 
who has made the most careful study we possess on this subject, found 
that the average weight of the individual mesenterial lymph-gland 
increased nearly 20 times between birth and maturity while their 
number increased about three times. The number of palpable super- 
ficial glands at different ages has been studied in a large series of cases 
by Dietrich*’ and his results are given in tabular form below. Certain 
glands, such as the supra and infra-umbilical and the anterior tibial 
glands, generally disappear entirely after puberty. 


TaBLe 25.—TuHE PALPABLE SUPERFICIAL LYMPH-GLANDS AT DIFFERENT AGES 
(AFTER DietrRicH*!s) 


Gland groups 


Occipital | Cervical | Axillary | Cubital | Inguinal 
Percentage of | Children to 12 years.... 5.4 100.0 92.7 96.3 100.0 
eases in which | Youths 13 to 20 years... 5.3 81.9 69 1 77.4 91.4 
glands are pal-| Adults 21 and over..... 0.68 74.7 68.9 81.7 92.0 
pable | 
Average number | Children to 12 years... .! 1-2 7-8 3-4 circa 6 8-9 
of glands pal- | Youths 13 to 20 years... 1 3 2 2 6-7 
pable in  each| Adults 21 and over..... i 2-3 1-2 1-2 7 
group 


ee ee ee ee 
THE SPLEEN (Figs. 127, 128, 129, 132, 147, 156, 173) 


The weight and dimensions of the spleen are very variable at birth 
as they are indeed during all periods of life. Omitting all cases of 
proved or suspected lues congenita, the writer found an average spleen- 
weight of 13.5 gm. in a series of 150 full-term newborn children. The 
weight of the organ at birth may vary, however, from 5 to 20 gm. even 
in cases where lues is rigidly excluded. The spleen approximately 
doubles in weight during the first year of life, and is tripled during the 
third; thereafter the growth is slower. The total weight increase 
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from birth to maturity is about twelve-fold, or something over half 
that of the total gain in body-weight. The dimensional growth 
of the spleen is shown in Table 26. which is a summary of an extensive 
series of cases collated by Stricker.*** All cases of gastro-enteritis have 
been excluded from this series. 


TasLe 26.—Tue Diwensions or THE SPLEEN IN CHILDHOOD (Summarized From 
Stricker®33) 
Se eS ee ee eee 


Average Average Average 
“Age ee length, breadth, | thickness, 
centimeters|centimeters|centimeters 
Newborn under 3900 gm. body- 
Welghtoe 0 tc.:.: See tae 2 141 4.0 2.8 LW) 
Newborn 3000 gm. and over 
DOGY=welghts © =. see. = on: 174 5.0 3.0 EO 
HELO, GrMONt assis oct. Se ae wre 141 5.6 Sa, eS 
Opeo “l2amonths-2. 5 rast eves 32 Gna 3.9 1.6 
TELORU PV CAIB Goh 0.5e are ate ee: 44 6.8 3.7 iL 2 
PARLOR VORIS? 266 shee la. we bk th 30 1.2 4.1 il 
SLOG VERISU Riles LIE SO Th bes 74 8.0 4.6 2.0 
OHOEUVERIS 41. Nae. Cane vee we oct 40 8.4 5.0 2.5 
MOL 2a CATS fy eines te we ce eee 38 9.7 5.9 2.2 
Patel VERISe cc ete cis sales e ets 26 inbatss Gro 2.6 
ose 2ivyeatae fa. Lae eae 97 12.1 Se2 3.0 


The relations of the spleen in the newborn and young infant differ 
considerably from those observed in later life. In the newborn the 
long axis of the organ is generally vertical or oblique. The superior 
margin, according to the studies of Fleury,**° lies most commonly at 
the level of the eighth rib although it may be as high as the seventh 
or as low as the ninth. The lower margin generally lies at the level 
of the eleventh rib although it may be as high as the tenth or as low as 
the umbilical line. Macé*?’ found that the spleen was palpable under 
the costal margin in 6 per cent. of healthy newborn children of non- 
syphilitic mothers. The spleen of the young infant has two general 
surfaces: a lateral one which is in contact with the diaphragm and, 
in many cases, with the margin of the left lobe of the liver; and a medial 
one which may be subdivided into colic, gastric and suprarenal surfaces 
in contact with these organs. The form and positions of the contact 
areas of the medial surfaces of the spleen are shown in Fig. 173. The 
pancreas is in contact with the hilus of the spleen in the infant as in the 
adult. The organ is entirely prepleural in position (Jackson’®). 
The change from the relations described to those of the adult are 
brought about rapidly during the early part of childhood through the 
relative decrease in the size of the liver and the left suprarenal. As the 
size of the latter organ remains practically stationary in the first two 
years of post-natal life, the kidney gradually replaces the suprarenal 
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in its relation to the posterior part of the medial surface of the spleen. 
As the stomach increases in size it apparently displaces the spleen to 
the left but does not press it downward in the abdominal cavity. 


ae : 


Fie. 173.—Drawings of the visceral surfaces of the spleens of two newborn 
children. C., colic surface; G., gastric surface; Sr., suprarenal surface; *accessory 
spleen. Natural size. 


The modern methods of hematology have not been applied to the 
study of the spleen in infancy and our information regarding the finer 
structure of the organ at this time is most limited. Splenic, or Malpi- 
ghian, corpuscles are developed in the latter half of fetal life. At birth 
they have much the same general structure as in later life. They 
form a larger proportion of the mass of the spleen and are placed closer 
together. The reticular fibers of the spleen do not differ greatly 
from those of the adult except in size. They continue to increase in 
thickness until puberty (Matsui*?8). Elastic fibers are present in the 
spleen as early as the sixth fetal month. 

Accessory spleens are very common in young children. Jolly?%5 
found them in 25 per cent. of a series of 80 children less than seven years 
old and Sassuchin (quoted by Gundobin’) observed them in 23 cases 
in a series of 153 autopsies of children under 10 years. He found them 
much more common in newborn infants and sucklings than in older 
children. 


THE THyMus (Figs. 164, 174, 175, 176, 177, 178, 179) 


Practically all observers who have examined large series of material 
find that the average weight of the thymus at birth is between 12 and 
14 gm. Ina series of 205 cases collected by the writer from personal 
observation and from the literature, the average weight was 13.2 gm. 
This series was limited to stillborn children and infants who died within - 
48 hours after birth; and no cases were included in which the body- 
weight was less than 2,700 gm. or the body-length less than 48 em. 
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While the average weight of the thymus is about the same in all 
extensive series of cases the individual variations are very great. In 
the writer’s series, the minimum weight was less than 2 gm. and the 
maximum weight was 28 gm. A frequency curve, based on this series 
is shown in Fig. 174. As will be seen, the curve as a whole is a remark- 
ably smooth one and it would be extremely difficult to draw a sharp 


a between the normal and abnormal cases on the basis of weight 
alone. 
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Fia. 174.—A percentage frequency graph showing the variation in weight of 
the thymus in full-term newborn children. Based on observations on 205 infants 
48 cm. or more in length, or 2750 grams or more in weight which were still-born or 
died within 48 hours after birth. 


The subject of the post-natal growth and involution of the thymus, 
which was in a state of great confusion for years, has been cleared up 
by the studies of Hammar.*?? He found that the weight of the gland 
increases steadily from birth to puberty; and then, as a rule, decreases 
slowly until the later years of life. The birth weight is doubled in the 
second lustrum and practically tripled in the third. Hammar’s results 
are in conflict with the older view that the involution of the body began 
in infancy or early childhood, but their accuracy cannot be gainsaid. 
They are based upon abundant material which was selected with the 
greatest care both as to the previous history and the general bodily 
condition of the cases. The findings of von Sury,**? and of Ronconi,?*! 
as well as the older work of Friedleben,*?! on selected cases, are con- 
firmatory of Hammar’s views. The lower weights which are quoted in 
most of the earlier literature are probably mainly from cases which had 
undergone accidental or hunger involution. The experimental studies 
of Jonson32* show that this process takes place very rapidly and that a 
large part of the thymus weight may be lost before the body-weight is 
seriously affected. Hammar’s results are shown in numerical form in 
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Table 27. Figure 175 is a graph showing the weight changes in the 
thymus during the first three decades. The curve in solid fine is based 
upon Hammar’s cases and the curve in broken line on Ronconi’s Ttalian 
material. These two curves agree essentially although Ronconi S 
weights are consistently lower than those of Hammar—a difference 
which may be racial. 


5 10 5 20..~«2~O80~S~*~SSS*« ys 


Fia. 175.—A graph illustrating the weight changes in the thymus during child- 
hood and early maturity. Curve ‘A’ based upon the data of Hammar; curve 
‘B’ based upon the data of Ronconi. 


According to Hammar, the thymus forms 0.42 per cent. of the body- 
weight at birth. The relative weight drops to 0.12 per cent. in later 
childhood, 0.09 per cent. in adolescence and 0.05 to 0.03 per cent. in 
maturity. 

The dimensions of the thymus are always quite variable. The 
series of observations by von Sury, which is quoted in Table 28, is 
among the most extensive on the subject and is based on selected cases. 
As will be seen from this table, the thymus becomes both relatively and 
absolutely longer in childhood, while breadth and thickness undergo 
but little absolute increase and are relatively reduced. 

The form of the thymus is very inconstant, and any simple descrip- 
tion of it will apply only to certain selected specimens. It is commonly 
described as consisting of two lateral lobes. Coplin!® has recently 
proposed a classification of the forms of the thymus which is more 
satisfactory. He recognizes four main types as follows: (a) the uni- 
lobar type, of which he found but one specimen in a series of over 
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500. (b) The bilobar type which is more common than the uni- 
lobar but is not the most frequent one (this is the type which is usually 
described as the “normal” one). (c) The trilobar type in which the 
gland is composed of two inferior and lateral masses and a median and 
superior one. Coplin finds this form the most common. (d) The 
conglomerate type in which no definite lobation is apparent. Some 
examples of the variable form of the body in the newborn are shown 
in Fig. 176. Noback*2® finds the bilobar type the most common (39462 
cases examined). 


TaBLE 28.—THE AVERAGE WEIGHT AND DIMENSIONS OF THE THYMUS IN 
CuitpHoop (AFTER v. Sury#®) 


EE 


Average Average dimensions, centimeters 
Number : 

Age ot chacn, Les Se hee eee 

| grams Length Breadth | Thickness 
Birth, 9h, fst eta 21 14.1 6.05 5.5 1.3 
St), MO scree ae 10 15.9 5.8 5d 1.4 
2nd to 9th mo....... 27 24.3 7.4 5.6 125 
9th mo. to 2 yrs..°.-% 12. 23.2 ta Lye 1.4 
Pepa Cond RA Aus B came toch Oe 12 25.8 aii | 6.1 1.3 


The relations of the thymus vary with its size. The description 
which follows is of the average gland. The relations of the thoracic 
and cervical portions of the body may be considered separately. 

The thoracic portion of the thymus, in the child immediately after 
birth, is covered by the upper half of the sternum and generally by the 
first three costal cartilages. Its vertical extent corresponds to the 
firxt four thoracic vertebre. The anterior surface of the gland is in 
contact medially with the endothoracic fascia covering the hinder 
surface of the sternum and with the internal mammary vessels. 
Laterally it lies behind the medial borders of the pleural sacs and in 
contact with the margins of the lungs. The posterior surface rests 
upon the great vessels of the superior mediastinum, the upper part of 
the thoracic portion of the trachea, and the upper part of the anterior 
surface of the heart. The relation of the posterior surface of the 
thymus to the left innominate vein is a very intimate one, and some- 
times the vessel is partially imbedded in the thymus substance. As 
Hammar has pointed out, the thickest part of the gland lies immediately 
above the base of the heart and not at the superior thoracic aperture 
where the gland is supposed to exert pressure in cases of thymic 
enlargement. ; 

The cervical portion of the gland is usually a tongue-like process 
which may lie in the mid-line or to one side. It may extend upward to 
the lower margin of the thyroid. It rests on the anterior surface of the 
trachea or the carotid sheath, and is covered by the anterior layer of 
the deep cervical fascia and the infrahyoid muscles. The cervical 
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extension is sometimes entirely lacking or it may be represented by a 
fibrous band connecting the main mass of the thymus and the thyroid 

The changes in the form and relations of the thymus in the neonatal 
period have been recently worked out in detail by Noback. He finds 
that the change from the broad type of gland characteristic of the 
fetus to the elongated type found in the young infant bears a direct 
relation to the establishment of respiration, and is dependent on the 


D 


Fic. 176.—Anterior views of the thymi of four full-term newborn children. The 
specimens are from material hardened in situ. Natural size. 


expansion of the lungs. The organ is compressed from side to side by 
the medial surfaces of the expanding lungs, and is also compressed 
anteroposteriorly by the anterior borders of these structures as they 


become thickened with the establishment of respiration. After 


respiration is established the thymus usually extends more inferiorly 
passing over the right ventricle. 

The thymus gradually becomes longer and narrower in infancy and 
childhood, but its lateral margins generally still remain in contact or 
under the cover of the medial edges of the lungs. As the gland elon- 
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gates it extends downward over the greater part of the anterior surface, 
and the cervical portion becomes less noticeable. 

The histological picture of the thymus changes greatly with age. 
In the newborn the parenchyma is very abundant, forming, according 
to Hammar, 93 per cent. of the gland. The lobules are large and 
angular, and are separated by very narrow trabecule of delicate con- 
nective tissue. The cortex forms by far the larger proportion of the 
parenchyma and shows very little division into secondary nodules. 
Thymic or Hassel’s corpuscles are numerous but are not as abundant as 
in later life. 


Fie. 177.—A dissection of the neck and superior mediastinum of a post- 
mature, newborn, female child weighing over 4000 grams. A.v., axillary vein; 
C., left common carotid artery; J., internal jugular vein; L., lung; M.V., internal 
mammary vessels; O., omohyoid muscle; Pe., pericardium; T., thyroid gland; 
Thy., thymus gland; Tr., trachea. Three-fourths natural size. 


During childhood all parts of the thymus grow rapidly, but the 
relative increase of the interlobular connective is greater than that of 
the parenchyma. The medullary portion of the lobules also increases 
more than the cortical part, and the latter is partially subdivided by 
the ingrowth of narrow secondary connective tissue septa. 

At and after puberty the connective tissue framework of the gland 
becomes still more noticeable, the interlobular septa are much thicker, 
and the secondary septa which mark off the nodules of the cortex are 
widened. The medulla forms the major part of the parenchyma and 
the cortex is broken up into a series of rounded nodules. The thymic 
corpuscles are considerably increased. 

In early maturity the interstitial connective tissue forms as much 
or more of the gland than the parenchyma and the cortical nodules of 
the lobules are reduced to rounded projections from the medulla. 
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Fat cells are sometimes found in the thymus at birth but they grow 
very little until early maturity when there is a marked increase in the 
amount of adipose tissue in the septa. 


Fic. 178.—Thymus of a girl 14 years old. (After Sobotta in Bardeleben’s Handb. 
d. Anat. d. Menschen. Bd. VI.) 


Accessory masses of thymic tissue are not unusual in childhood. 
They are sometimes found in the immediate region of the main body of 
the gland, but are more common in the cervical region in the neighbor- 
hood of the thyroid or even in the carotid triangles. 


THE CENTRAL NERVOUS SYSTEM AND THE ORGANS OF SPECIAL SENSE 
THE BRAIN (Figs. 133, 135, 180, 181, 182, ) 


The weight of the brain in the full-term Caucasian newborn varies 
from 300 to 400 gm. and averages about 350 gm. The variation in 
the weight of the brain at birth, while seemingly great, is relatively 
less than in any other organ of the body with the possible exception of 
the eyeball. It is dependent to some degree on bodily development 
and to a lesser one on sex, the brains of newborn males being slightly 
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heavier absolutely than those of females. The total weight of the 
brain increases from three and one-half to four times between birth and 
maturity. The growth of the brain may be divided into three periods. 
From birth to the end of the first year the growth is very rapid and the 
brain increases approximately two and one-half times in weight. From 
the end of the first to the middle of the fifth year growth continues at 
a reduced although still a rapid rate, and by the end of this period the 
brain weighs about three times as much as at birth. After this time 
brain growth is very slow indeed and the adult weight is acquired by 
the end of the fifteenth year. Putting this statement in another form 


il 
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Fic. 179.—Transverse section of the superior aperture of the thorax of a girl 
three years old, showing the position of the thymus. L., lung; T., thymus. 
(After Dwight.‘) 


the brain accomplishes about one-third of its total absolute post-natal 
growth in the first year, one-third between one and two and one-quarter 
years, and the final third between two and one-quarter years and fifteen 
years. There is probably little if any increase in brain weight after 
15 years, and in some cases the average adult brain weight is acquired by 
the seventh year. A period of increased brain growth at puberty has 
been described, but the writer’s examination of most of the published 
data on brain weights in children fails to confirm this observation. 
Throughout childhood the brains of boys average absolutely heavier 
than those of girls. There is, however, no evidence of much difference 
in the relative brain weights in the two sexes. 

The relative weight of the brain as compared to that of the body is 
very high at birth, being from 1:8 to 1:10. In the adult, according 
to Ziehen, the relation is 1:42 in males and 1:40 in females. 

According to the data of Pfeister,**! the weight of the cerebrum at 
birth is from 305 to 345 gm. At this time it forms about 93 per cent. 
of the entire brain weight. The total post-natal weight increase of the 
cerebrum amounts to 840 gm. or even more. Nearly one-third of this 
increase takes place in the first ninemonths, and nearly two-thirds in 
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the first two years. The frontal lobes grow more than do the other 
parts of the cerebrum. The relation of the grey matter of the cortex to 
the white matter of the medulla has been determined by Anton3> and 
J aeger?*® by means of the polar planimeter. The former found that the 
relation of the volume of the cortex to the volume of the medulla in the 
child was as 1:2 in the frontal lobe and as 1:3 in the occipital lobe; 


? 


in the adult the corresponding relations were 4:5 in the frontal lohe and 


Fic. 180.—Left lateral view of the brain of a male, newborn child 53 cm. long. 
Natural size. (After Retzius.*5?) 


1:2 in the occipital lobe. Jaeger’s results in general support those of 
Anton. Aresu,**® on the other hand, using a more elaborate method, 
found that the cortical grey matter formed 58 per cent. of the weight of 
the entire cerebrum in an infant one year and four months old; 67 and 
43 per cent. respectively in two children of two years; 77 per cent. in a 
child of four years and 67 and 64 per cent. respectively in two young 
adults. There have been no extensive studies on the growth of the 
basal ganglia of the cerebrum, but Franceschi (quoted by Donaldson**?) 
found that these masses weighed 24 to 25 gm. in two children under 
five years of age as compared with about 41 gm. in the adult. 

The cerebellum weighs from 18 to 20 gm. at birth, thus forming 
about 5 or 6 per cent. of the entire brain weight. During the entire 
period of post-natal growth it increases about seven-fold or nearly 
twice as much as the brain as a whole. One-third of this growth is 
accomplished in the first six months, and two-thirds in the first year and 

Vou. I—27 : 
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three-quarters after birth (Pfeister**!). During this period the 
relative weight as compared with that of the whole brain rises from 5 
or 6 to 10 or 11 per cent., which is the ratio in the adult. 
The brain stem weighs about 5.0 gm. at birth and 25 to 28 gm. in 
maturity. Its growth in early infancy is a little slower than that of the 
brain as a whole but the total relative increase after birth is somewhat 


greater. 
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Fia. 181.—Lateral view of the head of a newborn child showing the topography 
of the skull and brain. Surface outlines in light line, skeletal structures in broken 
line, brain in heavy solid line. (After Merkel, Handb. top. Anat.) 


The state of development of the sulci of the cerebrum at birth is 
illustrated by Fig. 180, a left lateral view of the brain of a full-term 
fetus. As will be seen from this figure, the general arrangement and 
condition of the sulci does not differ greatly from that of the’ adult. 
New lateral branches of established sulci may appear and the fusion of 
isolated segments to form continuous furrows may take place after 
birth, but these changes are small and are accomplished in the first 
month or so of post-natal life. The insula, or island of Reil, is not as 
completely covered at birth as in later life. 

Space will not permit the discussion of the finer structure of the 
brain in this summary, The reader is.recommended to the work of 
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Brodmann,*** Flechsig,*4? and Hammerberg*“! for j : 
5 ; or 
subject. i 8 information on this 


The topographic relations of the more impor i 3 
are somewhat different in the child and in the sie Se ee 
changes in these relations are brought about not as much 
of the sulci, although this process has been described, as by develop- 
mental changes in the calvarium. In the infant the lateral fissure 
(of Sylvius) is more oblique than in later life, and lies from 1.1 to = 
em. above the squamosal suture. It extends backward and upward 
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Fic. 182.—Lateral view of the skull of a child four years of age showing the 
position of the main cerebral fissures. P.E., parietal eminence. (After Davis 
from Fouillehouze.*#*) 


nearly to the parietal eminence. The lateral fissure and the squamosal 
suture approach one another during childhood, but the time at which 
the adult relationship is acquired is probably very variable; Syming- 
ton" sets it at the eighth or ninth year. The central sulcus (fissure of 
Rolando) lies entirely under the cover of the parietal bone in the infant 
as in the adult, but it is placed a little farther forward in the former. 
At birth and for a short time thereafter, at least, the sulcus is more 
oblique than in the adult. Fouillehouze*** found the upper end to be 
from 30 to 35 mm. posterior to the bregma in the first few months of 
life, while the lower end may touch the coronal suture. After the third 
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year the relations are the same asin the adult. The parietooccipital 
fissure in infants lies from 5 to 15 or even 20 mm. in front of the lamboid 
suture. This is relatively a little anterior to its position in the adult. 
Figures 181 and 182 show the position of the main fissures in early 


childhood. 


THE MENINGES AND CRANIAL SINUSES (Figs. 90-186) 


The form and relations of the meninges in the child‘are very similar 
to those of the adult. The dura is more closely applied to the cranial 
bones in early life and its outer layer contains numerous osteoblasts. 
It is continued across the sutures and forms the inner layer of the fon- 
tanicular membranes. Judging from the data of Pfeister,**° the dura 
grows at approximately the same rate as the brain and not at the 
general body rate; for its weight in the first month is about 22 gm. and 
this is only tripled by seven years. 

The relation between brain volume and cranial capacity differs in 
the adult and child. In the newborn the brain occupies 97.5 per cent. 
of the cranial cavity and this relation is hardly changed in the first six 
years. After six years the space between the brain and the cranial 
wall steadily increases and in the adult the brain occupies, on the 
average, only 92.5 per cent. of the cranial cavity. In other words, the 
brain is much more closely applied to the wall of the skull during its 
period of rapid growth than in later life. 

The topography of the cranial sinuses in the child has not been 
studied in detail. 


THE SPINAL CORD (Fig. 151) 


The weight, in the newborn, of the spinal cord without its dural 
covering or the spinal nerve roots.is between 3 and 3.5 gm., being about 
one-eighth that of the adult. According to Pfeister the weight of the 
cord is doubled in the first five months, trebled in the first year, and 
quadrupled by the beginning of the third year. The spinal cord forms 
about 1 per cent. of the body weight at birth and about 0.25 per cent. 
in the adult. The weight of the spinal cord is to the weight of the brain 
at birth as 1:110, and in the adult (Pfeister) as 1:50. 

At birth the spinal cord is from 15 to 17 cm. in length; a little more 
than one-third as long as in the adult. It doubles its length in the 
first 10 years of life. The length of the various segments of the cord 
are so variable at all times of life that no general statement can be 
hazarded as to their rates of growth, although it is said that the tho- 
racic segment lengthens more, proportionately, than the others. The 
cord at birth commonly terminates at the lower border of the body of 
the second or the upper margin of the third lumbar vertebra, about one 
vertebra below the usual point of termination in the adult. 
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THE EYE (Fig. 183) 


The post-natal growth of the eyeball correspon 
that of the brain. At birth its ee weight i “nite osoen 
This is increased approximately two times in the first seven or éight 
_ years of life. In all, the weight of the eye-ball increases about three 
times between birth and maturity. During the same period the brain 


tena from three and one-half to four times and the body over 20 
imes. 


Fic. 183.—Semidiagrammatic representation of the eye of the newborn _in 
median section superimposed upon a similar section of the eye of the adult. The ~ 
structures are drawn at equal size. The newborn eye is represented in solid line, 
Re pave in stipple. The newborn eye is magnified five times. (After Merkel and 

rr, 360 


The volume of the eye increases slightly more but at the same rela- 
tive rate as the weight. : 

Considerable difference in the averages of the several diameters 
of the eye-ball at birth is found by different observers. This is no. 
doubt partly due to natural variation and partly to the deformation of 
the eye-ball after removal from the body. Weiss*®> in a series of 20 
newborn children found the sagittal diameter to be 16.4 mm., the 
horizontal 16.0 mm., and the vertical 15.4 mm. In the adult the 
similar measurements are 23.85, 24.43, and 23.7mm. Thusthe sagittal 
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diameter, according to these figures, is relatively a little greater in 
the newborn than in the adult. The actual increase in the lengths 
of the several diameters between birth and maturity is something less — 
than one and one-half times for the sagittal diameter and a little more 
than one and one-half times for the vertical diameters. 

The growth of the eyeball as a whole takes place in different 
regions in different periods of post-natal life. The divergence of the 
eyeball from a perfect sphere is more marked in infancy than in later 
life. This is due particularly to the great size of the posterio-temporal 
segment. In early childhood the anterior segment grows the most 
rapidly; in later childhood growth appears to be more localized in the 
nasal segment. After puberty the posterior segment completes its 
growth. This does not apply to the area of the posterior segment 
about the fovea centralis and the papilla of the optic nerve, for the 
distance between these two structures is as great in the newborn as it 
is in the adult. 

The cornea in the newborn is relatively larger than in later life, 
being almost four-fifths the actual size of that of the adult. Its 
curvature is less pronounced than that of the adult. 

The shape of the lens in the newborn and young infant is not 
markedly different from that found in later life. The familiar state- 
ment that the lens is much thicker relatively in the newborn than the 
adult rests upon observations made on fixed material and upon speci- 
mens which have been freed of their attachments. Both von Pflugk*®! 
and von Hipple,**’ who studied fresh lenses in section, found the thick- 
ness to be from 3.5 to 4mm. and the equatorial diameter from 6 to 7 mm. 
Most earlier observers found the thickness of the lens to be more than 
two-thirds of its equatorial diameter. The equatorial diameter of the 
lens increases during the entire period of life up to an advanced age. 
In the period from birth to the end of the third decade it increases 
between a third and a fourth. The growth in thickness is not so 
regular for there seems to be a period of actual decrease in thickness 
in early childhood. This is probably due to the effect of the tension 
of the supporting structures on the plastic lens substance. After 
early childhood the thickness of the lens increases throughout the 
- remainder of life. 

During the growth of the eyeball its extrinsic muscles are slightly 
shifted from their original position. The reader is referred to the work 
of Weiss*® on this subject for details. 

The optic nerve increases more than one-half in diameter during 
the first year and by the end of that time is substantially the same 
size as in the adult. Most of this early increase is due to the myelina- 
tion of the optic nerve fibers, a process which takes place mainly dur- 
ing the first three weeks of post-natal life. As in the adult, the optic 
nerve is slightly sinuous in its course through the orbit. 

The lachrymal gland weighs at birth approximately one-third of 
its adult weight. At this time the parenchyma consists of narrow 
thick-walled tubes separated by a large amount of cellular connective 
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tissue. ; The fat which is abundant in the adult gland is lacking in that 
of the infant. Although incompletely developed at the time of birth 
the gland has a limited power of secretion. 


THE Ear (INCLUDING THE TEMPORAL BONE) 


The ear can be treated only in the briefest manner in the present 
outline. Those desiring more detailed accounts are referred par- 
ticularly to the papers of Alexander,**? Brown,*® Freligh,?7! and 
Symington.*”® The atlas of Miiller gives excellent figures of the topog- 
raphy of the temporal region in childhood. 

The Temporal Bone (Figs. 182, 184, 185).—At birth the temporal 
bone as a whole is approximately one-fourth the size of the adult. It 
consists of three divisions: The pars petrosa, the pars squamosa, and the 
pars tympanica, which are generally still separated by definite sutures. 
The styloid process is still entirely cartilaginous except for a small 
osseous granule near its upper end. 

The petrous portion is relatively larger than in later life. It is 
directed more anteriorly and inferiorly and less medially than in the 
adult. The mastoid process is absent and the external surface of 
the bone presents a smooth flat area which is not elevated above 
the general surface of the skull in this region. The stylomastoid 
foramen, which is relatively larger than in later life, is found at the 
anterior edge of this area. 

The pars squamosa is thin and smooth. The mandibular, or ° 
glenoid fossa, is of considerable size although very shallow. A true 
articular tubercle is lacking but the postglenoid process is well marked. 

The pars tympanica or tympanic annulus has the form of a thin 
bony ring which is incomplete above. The upper extremities of the 
ring are usually fused with the inferior margin of the pars squamosa at 
the time of birth. 

In the newborn the petrous and the squamosal portions of the 
temporal bone are almost always partially separated by a fissure, 
the petrosquamosal suture. This cleft arises behind the middle of the 
posterior limb of the tympanic ring, and extends upward and backward 
on the lateral surface of the bone to its superior margin. It then turns 
forward and runs in the roof of the tympanum until it reaches the 
anterior margin of the squamous portion of the bone. The petrosqua- 
mosal suture opens directly into the tympanic antrum in the newborn 
and in young children, and its presence accounts for the frequent spread- 
ing of middle ear infections to the meninges and for the formation of 
subperiosteal abscesses in early life. 

The form of the temporal bone changes rapidly in childhood. The 
mastoid process generally appears as a small nipple-like projection 
during the latter part of the first year, but it does not extend below 
the general inferior margin for two or three years thereafter. The 
upper osseous center in the upper part of the styloid process fuses with 
the body of the bone soon after birth. A second lower center appears 
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Fia. 184.—Four drawings of the t al i i : 
ee : g e temporal bone in early life. A, seven months 
al , full term newborn; CG, child three years old; D, child six years old. All 


‘THE EAR A25 


in the styloid cartilage about the eighth year, and joins the main bone 
about puberty. 

The tympanic annulus is converted into a plate by the rapid growth 
of processes from its anterior and posterior sides. The lower part of 
the annulus does not grow as rapidly as do the sides and there is left 
a deep notch in the floor of the bony meatus. The processes from the ° 
sides of the annulus fuse inferiorly at about two years and the notch 
is thus converted into a foramen. This is generally obliterated in the 
next few years although in some cases it may persist in adult life. 
While the floor and sides of the bony meatus are formed mainly from 
the lateral growth of the tympanic ring, the roof is produced by the 
outgrowth of a bony shelf from the pars squamosa. 


ALAR ssauhifte 


Fic. 185.—Vertical section of the ear of a newborn child. A.C., auricular 
cartilages; Ant., tympanic antrum; A.T., tympanic annulus; E.A.M., external 
auditory meatus; E.R., epitympanic recess; I.C.A., internal carotid artery; In., 
incus; Mal., malleus; M.T.T., tensor tympani muscle; P.S., squamous part of 
temporal bone; T.C., tympanic cavity; T.T., tegmen tympani; Tym., tympanic 
membrane. Four times natural size. (Slightly modified from Hammar.*”) 


The closure of the petrosquamosal fissure is subject to the greatest 
variation in different individuals. Kisselbach?7? found it closed 
completely in about 4 per cent. of children in the first year, in from one- 
third to one-half of his cases between one and five years, and in 
60 to 80 per cent. between 5 and 19 years. His statistics show no 
indication of a progressive closure of the fissure after the sixth year. 
In many cases it is obliterated except for minor holes and clefts. 

The specimens illustrated in Fig: 184 show some of the more impor- 
tant gross changes in the form of the bone after birth. 

The External Ear (Fig. 185).—The longitudinal dimensions of the 
external auditory meatus are subject to great individual variation, 
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but in general they are about two-thirds those of the adult. The 
relative length of the tube is somewhat greater In early life than in 
maturity. In the infant the floor of the tube is formed externally of 
cartilage, and internally by a dense fibrous membrane which is replaced 
later by the bony outgrowth of the tympanic plate. The inner third 
of the roof is formed by the overhanging lateral surface of the pars 
squamosa while the outer two-thirds is cartilaginous. 


Fig. 186.—Left lateral view of the skull of a female child 12 months old, 
showing the topography of the ear. A.T., auditory tube; E., epitympanic recess 
mastoid antrum, and mastoid air cells; G.S., semilunar ganglion; I.C.A., intern 
carotid artery; S.P., superior petrosal sinus; S.S., sigmoid sinus; 8.T., transverse 
sinus; T., tympanic membrane, (After Miiller.*%) 


The lumen of the middle part of the tube is very narrow in infancy, 
but it widens out into a conical chamber near the tympanic membrane. 
At birth the lumen is filled by a mass of desquamated epithelial 
cells and vernix caseosa. 

In infancy the course of the meatus is almost straight; it passes 
inward, downward, and slightly forward. 

The Middle Ear (Figs. 185, 186, 187).—The cavity of the tympanum 
has practically reached its final size at birth. The average dimensions, 
as determined by Freligh from the measurement of 150 cases, are 9.5 
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mm. in its longest diameter by 7.5 mm. across. The promontory is 
well marked, as is also the prominence of the facial canal. The 
epitympanic recess (aditus ad antrum) and the tympanic (mastoid) 
antrum are quite as large if not absolutely larger in the infant than in 
the adult. In the late fetus the 
tympanic cavity is almost completely 
filled with a jelly-like tissue derived  ¢ f { 
from the lining epithelium. This is 
generally replaced by fluid before birth 
and by air after respiration is fully LN i ~ 
established. Meconium and amniotic 
fluid have often been found in the 
tympanic cavities of newborn children. 

The tympanic membrane has prac- A A A 
tically completed its growth by the 
time of birth. Itsinclinationismuch 4 B C 

_ the same in the infant and in the adult, Fie. 187.—Drawings of the 
the angle being generally between 50 fire ak ph ademas 
and 60° in both. The external sur- child; C, of an adult. All natural 
face of the membrane is directed size. (After Broman.***) 
somewhat more anteriorly in child- 
hood than in later life. The epithelia covering the inner and outer 
surfaces of the tympanic membrane are somewhat thicker in the 
child than in the adult, but the intervening connective tissue layer is 
about the same. ‘The inner epithelial layer is ciliated at birth. 


Fic. 188.—Casts of the labyrinth of the inner ear, three times natural size. A, 
newborn; B, adult. (After Alexander.*®) 


The auditory ossicles reach their final size in the middle of fetal 
life. This is strikingly shown in Fig. 187. ; 

The auditory, or Eustachian, tube is about 17 mm. long in the 
newborn or approximately half the length of the adult. According to 
the measurements of Symington, it grows rather slowly in the first 
year but rapidly thereafter, so that the adult length is approached by 
the end of the first period of childhood. The tympanic opening of the 
tube is quite as large in the newborn as in the adult, while the isthmus 
is absolutely as well as relatively wider. The pharyngeal opening, on 
the other hand, is relatively small. The bony part of the tube is 
relatively longer in infancy than in maturity. The course of the tube 
is almost horizontal in the infant, and the obliquity of the adult tube 
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is acquired along with the increase in length of the nasopharynx in later 
childhood. The shifting of the pharyngeal ostium of the tube in 
childhood has already been described in connection with the naso- 
pharynx. The “tonsil” of the tube is represented only by diffuse 
lymphoid tissue in the newborn. It acquires its final form in the third 
or fourth year. 

The development of the mastoid cells is very irregular. Freligh*” 
found them present in 30 per cent. of the large series of temporal bones 
of the newborn which he examined. In this series the largest cells 
were about 5 mm. in diameter. Most of these cells were located just 
posterior to the exit of the facial nerve, and none were found at the 
lower end of the mastoid portion of the pars petrosa. In childhood the 
core of the developing mastoid process is filled with fine cancellous 
bone, and as a rule this region is not invaded by the mastoid cells until 
Mealy puberty. However there are cases in which the eee con- 
tains cells of a considerable size at five or six years. 

The Internal Ear (Fig. 188).—The structure of the internal ear in . 
childhood needs no particular description. The bony labyrinth has 
attained almost its adult size and proportions at the time of birth. 
The careful series of measurements made by Alexander?®* show that 
most of the dimensions of the vestibule and semicircular canals increase 
about one-tenth during post-natal life while those of the cochlea, on the 
whole, increase rather less. Certain dimensions, such, for example, as 
those of the fenestra cochlea (fenestra rotunda), are practically the 
same in the newborn and the adult. Figures 188a and 188) are of casts 
of the osseous labyrinths of the newborn and adult drawn at natural size. 
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CHAPTER IV 
GROWTH AND DEVELOPMENT 


By T. Brattsrorp Rosertson, Pu.D., D.Sc., 


ADELAIDR, SourH AUSTRALIA 


THE CHEMICAL FOUNDATION OF GROWTH 
GENERAL CHARACTERISTICS OF THE GROWTH-PROCESS 


Regarded from the chemical point of view, the growth of animals 
consists, essentially, in the transformation of simple, unorganized food 
stuffs, such as inorganic salts, fats, carbohydrates, amino-acids, etc., 
into new chemical entities which, regarded collectively, form the organ- 
ized protoplasm of the animal tissues. Growth, therefore, involves 
the synthesis of a variety of chemical compounds in due proportion 
and succession to one another. 

This process obviously does not take place with uniform velocity 


throughout life. It is not at all unusual, for example, for an infant to | 


grow at the rate of two pounds per month during the first months 
succeeding birth: Were this rate of growth maintained, we would 


weigh in the neighborhood of five hundred pounds at twenty years of. 


age. Nevertheless, the process of growth is not one which undergoes a 
uniform retardation, diminishing in velocity by a uniform proportion 
per annum. On the contrary, the growth of children and of animals 
takes place in spurts separated more or less distinctly from one another 
by periods of relatively languid growth. Thus, the rate of growth in 
utero during the first half of gestation is so slow that prior to this period, 
the weight of the human fetus is inappreciable in comparison with that 
of the mother. This interval of slow growth is succeeded by the 
extraordinarily rapid accretion of tissue which characterizes develop- 
ment during the months immediately prior to and succeeding delivery. 
Towards the end of the first year of extra-uterine life, however, 
there occurs a definite slackening of growth, which is not an artefact 
dependent upon weaning since it occurs just as strikingly in bottle-fed 
as in breast-fed infants. This resting period is succeeded by the 
relatively rapid growth of the third, fourth, and fifth years. Another 
pause or slackening of growth succeeds this to be followed by the ener- 
getic growth which accompanies adolescence. : 
The growth of man, therefore, consists of alternating periods of rapid 
and slow growth. If we plot the weight curve with weights as ordi- 
nates (vertical) and age in years as abscisse (horizontal), we obtain a 
diagrammatic picture of the growth-process which is not a straight line, 
nor even a single curvilinear sweep like the outline of a parabola, or of 
the logarithmic curve which represents the progress of the ordinary 
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type of chemical reaction. On the contrary, our diagram reveals 
distinct waves or large oscillations in the growth-process and resembles, 
as a matter of fact, the diagram which may be obtained by super- 
imposing three S-shaped curves upon one another in such a manner 
that their adjacent extremities merge into one another. These waves 
or oscillations are not accidental; they occur at very nearly the same 
places in the growth curve of every normal child and, as such, are 
easily distinguishable from the relatively slight irregularities or fluctua- 
tions of growth which every individual child will display more or less 
frequently during its development. In the average growth-diagram 
constructed from the growth-data supplied by any large number of 
infants, these large oscillations or waves reveal themselves very dis- 
tinctly, while the accidental and individual fluctuations will cancel 
out and disappear since as many of them are positive (7.e., supernormal) 
as negative (i.e, subnormal). The large fluctuations, however, 
having a definite physiological significance, remain unaffected in mag- 
nitude and position. In fact, the greater the number of children we 
investigate, the more definitely do they appear in the diagram. 

These large oscillations or waves of growth I have termed “‘ growth- 
cycles.’’ 112,116,120 Tn the growth of man there are, as I have said, 
three such cycles superimposed upon one another. Each cycle begins 
with a period of relatively slow growth followed by:a period of very 
rapid growth and terminates in another period of slackening growth. 
In the case of the first two cycles, this slackening of growth is followed 
by the fresh spurt or acceleration due to the suceeding cycle. In the 
case of the third or adolescent cycle of growth, the period of slackened 
growth-velocity insensibly merges into the period of relatively station- 
ary development which we recognize as the adult condition. This 
developmental stasis, however, may be interrupted, either by the repair 
incident to the replacement of tissue which has been injured or 
destroyed, or in the absence of such regenerative processes, by a vigorous 
and abnormal growth of malignant tumors. This last I am inclined 
to interpret as constituting the superposition of a fourth, and physio- 
logically abnormal cycle of growth upon the third and normally final 
cycle in the development of man.!!> 

Not only the growth of man but also the growth of every mammal 
which as yet has been carefully investigated consists of three complete 
cycles.**, 4%, 89, 10°, 112. The growth of the guinea-pig at first appeared 
but to consist of only two cycles distinguishable with difficulty, 
the investigations of Read’? have shown that in this mammal, 
the first growth-cycle is actually completed in utero, instead of being 
interrupted midway by birth, as it is in human beings. 

In the accompanying figure the growth diagrams of human British 
males and of male white mice are compared (Figs. 189, 190).12° The 
human growth-curve is constructed in part (first year) from my own 
observations upon the growth of British infants!2° and in part 
(fourth to twenty-fourth years) from the data collected by the British 
Anthropometric committee,? The resemblance between the two 
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curves, allowing for the difference in the time-units e i 
very striking character.* oe ae 
These growth-cycles, so definitely situated in the curve of growth 
and So invariable in their occurrence that they may be clearly recog= 
ate in the growth of mice no less than in the growth of man, must 
ave some very definite physiological significance. Since growth is 


as 
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Fic. 189.—Growth-curve of male white mice. 


essentially a chemical process resulting in the synthesis of living tissue 
from inanimate materials, these growth-cycles must have a chemical 
no less thana physiological significance. Each growth-cycle is approxi- 
mately symmetrical about its center, that is, on either side of the point 


* A comparison of these two curves at once shows that the most notable 
characteristic in which the growth of man differs from that of mice consists in the 
relatively striking retardation of the third growth-cycle in man. As Friedenthal 
has pointed out‘? the magnitude of the ‘‘cephalization-factor” or ratio of brain- 
weight to body-weight is much higher in man than in other animals. Having 
regard to the high content of cholesterol in the tissues of the nervous system, and to 
the fact that an excess of cholesterol, administered to mice, greatly retards the 
initial portions of the third growth-cycle’** it appears not improbable that the 
relatively low velocity and delayed onset of the third cycle in man may he in part 
a consequence of the cholesterol-retention incident to the building up of our rela- 
tively very large proportion of nervous tissues. 
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of most rapid growth. Considering each growth-cycle by itself, we 
have then, a chemical process which begins with relative slowness, 
increases progressively in velocity until it is about half completed, and 
then gradually diminishes to its termination. The inquiry now sae 
diately presents itself whether any chemical processes of this genera 
character are known to occur elsewhere than in the tissues of a growing 


animal. 
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Fig. 190.—Growth-curve of human males (British Anthropometric committee). 


As a matter of fact a number of processes of this character are 
known to the chemist. As examples, we may cite the decomposition 
of cane-sugar by boiling (neutral) water,®’ the decomposition of 
castor-oil in the pulverized seeds of the castor-oil bean,?* the decom- 
position of methyl acetate by (neutral) water,® the oxidation or 
“tarnishing” of most metals, and the oxidation of a variety of organic 
materials.*° All of these diverse processes have this feature in 
common, namely, that one of the products of the chemical change 
which is going on, has the property of accelerating, or “catalyzing” 
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the further progress of the change. Thus, in the hydrolysis of cane- 
sugar by neutral water, a certain proportion of mucic acid is formed 
which accelerates the conversion of cane-sugar into invert-sugar. In 
the decomposition of methyl acetate, acetic acid, itself one of the 
products of the decomposition, accelerates the hydrolysis of the 
methylacetate. In the oxidation of the metals, the peroxides which are 
formed act as “carriers’’ of oxygen to the yet unoxidized portions of 
the metal. All of these processes are, in a word, “autocatalyzed”’ 
or self-accelerated. The fact that the reaction has already occurred 
1s, up to a certain point, a favoring condition for its further 
occurrence. - 

The fact that each growth-cycle begins slowly and progressively 
increases in velocity until the moment of maximal growth velocity 
is attained at the center of the cycle, is sufficient in itself to show that 
the process of growth is autocatalyzed.® 79, 100, 112, 113,114 [Jp to 
the moment of maximal growth-velocity, the preceding growth affords 
a condition or series of conditions favoring its continuance. It 
remains to inquire somewhat more specifically what may be the 
nature of the factor or factors which induce the initial acceleration of 
growth and of those which subsequently, in the latter half of the cycle, 
induce retardation of the growth-process. 

In the instances of autocatalyzed chemical reactions cited above, 
the accelerating factor is a substance produced by the reaction, 
which specifically “catalyzes”? or accelerates the reaction. The 
inhibiting factor which ultimately terminates the reaction by bringing 
it to a standstill is either the exhaustion of the material which is being 
transformed, as, for instance, the cane-sugar which is being hydrolyzed, 
or else the accumulation of the products of the reaction, for instance 
acetic acid and methyl alcohol in the hydrolysis of methyl acetate. 
In accordance with the law of mass action, acetic acid and methyl 
alcohol impede the hydrolysis of methyl acetate by enhancing the veloc- 
ity of the reverse reaction in direct proportion to their concentration. 
Since the growth diagram so closely resembles the phases of these chem- 
ical reactions it may be fair to assume that catalyzers of growth are 
produced in the first or autokinetic phase during which the velocity of 
growth is progressively increasing, and that impeding factors are pro- 
duced in the second or autostatic phase, which are attributable either to 
the exhaustion of an essential constituent of the reaction or to the 
accumulation of growth-products. 

The problem becomes somewhat clearer when we consider the 
simpler case of bacteria growing in a limited amount of a given culture- 
medium. In this case, as McKendrick has shown,’? phenomena 
are exhibited which are precisely analogous to those which charac- 
terize the growth of higher organisms. The growth of the bacterial 
culture measured by the total mass or number of bacteria produced 
at given time-intervals is at first extremely slow; it increases in velocity, 
however, at first almost in proportion to the number of bacteria 
produced. At a later stage, when the density of the population of 
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the culture-medium has attained a certain maxium, growth is impeded 
and finally comes to a standstill. ee . 

These phenomena are interpreted by McKendrick in the following 
manner: under constant nutritive conditions, each bacterium 1s capable 
of giving rise to a certain number of daughter-cells in a certain interval 
of time. This potentiality is transmitted to its offspring, so that 
if the nutritive constituents of the culture-medium were inexhausti- 
ble, the velocity of reproduction would always be proportionate to 
the number of bacteria previously produced; in other words, while the 
time increased in arithmetical proportion the density of the bacterial 
population would increase in geometrical proportion. In practice, how- 
ever, the ability of the culture-medium to supply nutritive materials 
to the bacteria is limited. Consequently, the rate of multiplication 
is reduced. McKendrick infers, therefore, that the rate of multi- 
plication is proportional to two factors: 1, to the number of bacteria 
previously produced, and 2, to the concentration of the still available 
food-stuffs. This leads to the equation 

dx 


deal kx(A — x) (1) 


where x is the number of bacteria per c.c., A — xis the concentration 
of available food-stuffs and k& is a constant proportionality-factor.. 
The quantity of food material consumed is assumed to be proportional 
to the number of bacteria produced. Integration of this differential 
equation leads to the relationship 
s 
A 
where «x is the number of bacteria per c.c., at time ¢, A is the maximal 
density of population which is attainable in a given culture-medium, 
K(= kA) is a constant proportionality-factor, and & is the time at 
which the density of the bacterial population has attained half its 
maximum. * 

The relationship between the number or mass of bacteria produced 
and the time of incubation which is expressed in equations 1 and 2 
is, however, identical with that which expresses the relationship be- 
tween weight and age in any given growth-cycle of an animal or 
plant.’ 18. 1! Tt is also identical with the relationship between 
the mass of the products and the time in autocatalyzed chemical reac- 
tions such as the hydrolysis of methyl acetate.**: 98: 9° The question, 
therefore, presents itself, viz., whether the process of growth in a 
multicellular organism such as a mammal is comparable to an auto- 
catalyzed chemical reaction, or whether McKendrick’s interpretation 
of the growth-curve of a bacterial population does not offer an alter- 
native explanation of the facts. In other words, two alternative 
possibilities would appear to exist: the one, that the accelerative 


log = K(t— &) (2) 


*T have slightly, but unessentially, modified McKendrick’s formulation of this 


relationship in order to make clearer the analogies which will subsequently be 
drawn. 
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factor in growth is a chemical substance, as it is in autocatalyzed 
chemical reactions; the other, that it.is simply due to the multipli- 
cation of cells each of which is possessed of like potentialities of 
reproduction. 

: On closer analysis it will be seen, however, that these interpreta- 
tions, at first sight alternative, are in reality identical. Reverting to 
the case afforded by the multiplication of bacteria in a limited amount 
of culture-medium, and looking to the beginning and end of the proc- 
ess, we see that the increase in bacterial population means, essentially, 
that the simple unorganized constituents of the culture-medium have 
been transformed into the substances composing the bacteria. Any 
acceleration experienced by the process must ultimately be due to the 
preceding synthesis, irrespective of the fact that the synthesis takes 
place in a heterogeneous system, 7.e. in the separate particulate masses 
which form the individual bacteria. When we say that each bacterium 
has a like potentiality of reproduction, we clearly express the fact that 
the synthesis of bacterial cell-substances which results in the produc- 
tion of a cell is a favoring condition for the production of new cells. 
In other words the substances comprising the bacterium accelerate the 
production of new masses of bacterial substances. In ultimate terms, 
therefore, the two interpretations of the phenomenon are identical. 
The only essential difference between the more familiar cases of auto- 
catalysis, such as the hydrolysis of methyl acetate, and the process of 
cell-multiplication is the fact that.in the latter process the reaction 
takes place in a heterogeneous chemical system, 7.e., within the par- 
ticulate masses comprising the cells. Instances of autocatalysis in 
heterogeneous systems are, however, abundant in chemical literature, 
the oxidation of metals in contact with air being a familiar illustration 
of autocatalyzed reactions of this type. 

The accelerative factor in the process of growth is, therefore, 
either a chemical substance or substances, ora chemical condition which 
is strictly analogous to the accelerative factor in less complex auto- 
catalyzed reactions. In fact the autocatalytic character of the growth- 
process follows of necessity, from the fundamental characteristic which, 
more than any other, distinguishes living from non-living material, 
namely its potentiality of unlimited reproduction. When we assert 
that living cells all possess like potentiality of reproduction, we merely 
state in morphological terminology that the production of living matter 
is a self-sustained or autocatalyzed phenomenon. Just as the pro- 
duction of living from inanimate matter is essentially a chemical proc- 
ess, so the acceleration of production which is consequent upon the 
multiplication of the partitulate resultants of the process is, viewed 
from the chemical ‘standpoint, evidence that substances are produced 
in the creation of living matter which have the essential property of 
catalyzing its further manufacture. We shall have something to say 
in other portions of this chapter regarding the possible nature of these 


substances. 
It remains to consider what may be the probable nature of the 
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inhibitive factor which ultimately brings the process to a standstill and 
which predominates over the accelerative factor during the latter 
half of each growth-cycle. In the simpler instances of autocatalysis, 
as we have seen, the inhibitive factor may be either the exhaustion of 
the material undergoing transformation, or, the accumulation and 
consequent ‘back pressure’’ of the products of the reaction; or on the 
other hand, it may be that both of these factors play a part in determin- 
ing the magnitude of the inhibition. Either of these alternatives 
would yield the time-relations expressed in the Equations 1 and 2, for 
the following reasons: 

In case the velocity of the reverse reaction is, at all stages of the 
transformation, negligible in comparison with that of the forward 
reaction, then the only inhibitive factor must be the exhaustion of the 
material undergoing transformation. The velocity of the process will 
be, as usual in chemical reactions, proportional to the mass of untrans- 
formed material and also to the mass of catalyzer, that is, in these 
instances, to the mass of the products of the reaction. Calling the 
mass of the products of the reaction at any moment a, and A the initial 
amount of the material undergoing transformation, we have the rela- 
tion: 


Velocity of transformation = o = kz (a — 2) (3) 


which is identical with equation 1. 

Coming, now, to the case in which the velocity of the reverse 
reaction is so considerable as to be comparable with that of the for- 
ward reaction, we will assume, in the first instance, that the materials 
undergoing transformation (or foodstuffs in growth) are inexhaustible, 
z.e. are constantly being renewed so that the mass of material under- 
going transformation is a constant which we may denote by the symbol 
a. The velocity of the forward reaction will then be, as in the above 
instance, proportionate to the mass of the catalyzer ( = products of 
the reaction = x) and also to the constant mass of material under- 
going transformation, that is, to a. The velocity of the reverse 
reaction (formation of the products of the reaction into the initial sub- 
stances again) will be proportionate to the mass of the products ( = 2) 
but also to the mass of the catalyzer ( = x), because in the majority of 
instances of ‘‘typical’’ catalyzes, the catalyzer accelerates both the for- 
ward and the reverse reactions in equal proportion.®®: 99 The 
velocity of the reverse reaction at any moment will therefore be 
proportionate to x’, and the net velocity of the process, being the dif- 
ference between the velocities of the forward and the reverse reactions 
will be given by : 

dx : 
dt = kyax — kox (4) 


in which k; and ky are the velocity proportionality-factors of the 
forward and reverse reactions respectively. Rearranging the terms 
of the equation, this may be written 
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oe kox (ra — x) (5) 


_ which is again identical with equation 1, with the exception that the 


constant A, denoting the maximal attainable value of x, is now not the 
initial mass of material undergoing transformation, but the initial 
mass multiplied by the constant ratio of the velocity-constants of the 
forward and reverse reactions. 

‘The third possibility is that afforded by the case in which both the 
exhaustion of the material undergoing transformation and the accumu- 
lation of the products, contribute to the inhibition and ultimate stop- 
page of the process. In this case the velocity of the forward reaction 
will be proportionate to (a — x) while that of the reverse reaction 
will be, as in the above instance, proportionate to a2. The net velocity 
of the process will therefore be 

dt = kix(a — x) ae Kou? (6) 
which may be written 
—_a—z 


a 7 a the) 2 (Ee ) 


which, again, is identical in form with equation 1. 

In the case of the growth of bacteria in a limited quantity of culture- 
medium, McKendrick assumes that the inhibitive factor is simply the 
exhaustion of available foodstuffs, z.e., that it corresponds to the first 
of the three alternative possibilities outlined above. 

In the growth of the higher animals it is difficult to see how limited 
availability of foodstuffs could be a deciding factor in the inhibition 
of normal growth. The foodstuffs are constantly renewed and circu- 
late in the fluid media, bathing the tissues of the body, not only in 
sufficient proportion to maintain the equilibrium previously attained, 
but even in adult animals in considerable excess of this necessary — 
minimum. The destruction of the excess constitutes the “exogenous” 
as contrasted with ‘‘endogenous” metabolism. Moreover, if a portion 
of the tissues of an adult animal be injured or destroyed, the process of 
growth immediately recommences and is expressed in the phenomenon 
of regeneration; in other words, removal of the products of growth 
immediately re-initiates the growth-process, Just as removal of the 
products of a ‘‘balanced”’ chemical reaction at equilibrium immediately 
re-initiates the forward reaction. We must infer, therefore, that in 
the growth of mammals it is the accumulation of the products of 


(7) 


» growth, which inhibits the process and not the exhaustion of nutritive 


materials. teat 
In the analogous case afforded, by the multiplication of infusoria 


in hay infusions, it has been shown that when two infusoria are isolated 
into the same drop of culture medium, the rate of production of new 
cells is not twice, but from four to sixteen times as rapid as it is when a 
single individual is isolated into a drop of the same size.134 This 
mutually accelerative effect is not due to conjugation, for under the 
conditions of the experiment conjugation does not occur, and if it 
did occur the effect would be to cause retardation rather than accelera- 
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tion of the reproductive rate. Evidently some substance is discharged 
by the infusoria into the medium which they inhabit which accelerates 
their reproductive rate. The presence of such an accelerative substance 
in a fluid which has been populated by multiplying infusoria may be 
directly demonstrated by the acceleration of reproductive rate which 
ensues when such fluid, filtered free from infusoria and boiled, is 
added to the fresh nutrient medium into which other infusoria are 
isolated. The “bios” phenomenon of Wildiers *%: 3%, °°. *°” probably 
indicates that similar substances are produced by all living cells. 
Hence the autocatalyst of growth must be conceived not only as 
residing within the cells themselves, as implied in McKendrick’s 
theory of bacterial multiplication, but also in the medium which the 
cells inhabit. There is much evidence to show that the accelerative 
substance is elaborated in the nucleus and is partly discharged into the 
surrounding medium at the moment of nuclear division, when the 
nuclear membrane has dissolved. On the other hand the retardation 
or suppression of multiplication which oceurs in a fully-populated 
infusorial culture is not due to exhaustion of the available foodstuffs, 
because the filtered culture medium still permits vigorous reproduction 
of infusoria isolated into it from young cultures. Nevertheless, 
infusoria from old cultures develop much more slowly in old culture 
fluid than in fresh hay infusion, and the maximal resultant population 
is very scanty. Evidently the failure of the old cultures to maintain 
unlimited reproduction is due to an unsuitability of the old culture 
medium for the reproduction of the cells which inhabit it. This 
unsuitability is believed to be due to the accumulation of the nuclear 
autocatalyst both within and without the cells, accelerating the reverse 
reaction of nuclear synthesis to the point of equality with the velocity 
of the forward reaction, so that further synthesis of nuclear material, 
and consequently further production of new cells is inhibited. Mere 
dilution of the old culture fluid permits relatively rapid multiplication 
of individuals originally isolated from it and subsequently restored to it. 

We infer, therefore, that the process of growth is determined by 
a series (in mammals usually three) of autocatalyzed chemical reactions 
in which the factor which determines the retardation and ultimate 
equilibrium of the process is the accumulation of the products, .e., the 
growth itself. 

Two apparent difficulties, however, confront this mode of inter- 
preting the phenomena of growth. In the first place, the processes 
which underlie and accompany growth are clearly multiplex and not to 
be expressed as consisting of a single molecular transformation; 
consequently we are led to inquire how it is possible to represent the 
process by a formula expressing the time-relations in a simple auto- 
catalyzed reaction in which the forward reaction involves the trans- 
formation of only a single species of molecule. In fact, we must infer, 
that the complex sum of processes which constitute growth all wait 
upon and are conditioned by some single transformation which is 
autocatalyzed. In any series of concatenated chemical reactions, the 
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rate of production of all or of any one of the products is determined 
by the specifically slowest reaction®> because this interposes a 
barrier between the initiation and the completion of the process; the 
final products of the series of reactions cannot appear any faster than 
the slowest reaction permits. The governing or “master” process 
in the sum of processes constituting growth must, therefore, be the 
specifically slowest essential chemical reaction.1%° 

The second apparent difficulty is that which is occasioned by the 
fact that, morphologically considered, growth consists of two separate 
processes, namely cell-multiplication and the growth of the individual 
cells by intussusception. Under certain conditions, for instance in the 
initial stages of embryonic development, cell-multiplication is almost 
the exclusive evidence of development, while under other conditions, for 
instance, in normal adult multicellular animals, the latter form of 
growth, 7.e., growth by intussusception to replace tissue-waste, is the 
predominating type. Is it possible, one may inquire, to regard two 
such morphologically distinct processes as parts of one and the same 
chemical process? 

The difficulty is apparent, and not real, for growth by multipli- 
cation is always preceded by and evidences growth by intussuscep- 
tion. The subdivision of the total mass of products formed into 
individual cells no more affects the essential character of the antece- 
dent processes than the subdivision of calcium sulphate into particulate 
crystals affects the progress or the final equilibrium in the interaction 
of sulphuric acid and calcium hydrate. While-the reaction is proceed- 
ing, new crystals are constantly being formed. When the reaction 
has attained equilibrium, calcium sulphate is redissolving and being 
reprecipitated at the surface of every crystal; yet the quantitative 
laws which govern the reaction are in no wise different at equilibrium 
from those which obtain while the reaction is still ‘‘unbalanced.”’ 
The formation of a particulate crystal or of a new cell merely registers 
the attainment of a certain physical condition which is a necessary 
consequence of antecedent and concurrent chemical phenomena, 
which do not cease with and are not initiated by the physical sub- 
division of their product into parts. 

The subdivision of living matter into cells is, in fact, no more than 
a device which ensures the relative constancy of the mass of nutriment 
available for the tissues. For if living matter were synthesized in 
one coherent mass, the nutrient material necessary for its repair, 
i.e., to replace the loss due to the reverse reaction and maintain the 
balance of forward and reverse reaction which is characteristic of 
chemical equilibria, would soon be so far distant from the locality 
of tissue-degradation that the time consumed in their diffusion thereto 
would become comparable with or even greater than the time con- 
sumed in the breaking-down of an equivalent mass of living matter. 
Progressive autolysis of the interior of the mass would be a necessary 
consequence, and the living material would ultimately be confined 
to the periphery of a hollow shell. The various and elaborate cir- 
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culatory mechanisms of the higher organisms are all means to the 
same end, and their absence, as in certain carcinomatous growths, 
leads to precisely the condition depicted above, namely, progressive 
autolysis of the interior of the mass. From this point of view the 
constancy of the ratio of surface to volume exhibited by the cells of 
any given species?®: 35.142 and the relative invariability of this 
ratio in the various species of mammalia*® are separate evidences 
of the essentiality of a fixed proportion of available nutrient materials 
for growth and the maintenance of the equilibria in which it culminates. 

Summing up these prefatory remarks we may therefore state: 

1. That the growth of man and of animals takes place in periods or 
cycles in which slow and rapid growth alternate, three of the cycles 
being usually appreciable in magnitude. 

2. Each of these growth-cycles is the expression of an underlying 
self-accelerated chemical process. 

3. The accelerating factor is some substance or group of substances 
produced during growth. 

4. The supply of nutriment capable of transformation into living 
tissues may, in normal animals, be regarded as constant and undi- 
minished by the process of growth itself. 

5. The inhibitive factor which ultimately brings the growth in any 
given cycle to a standstill is the accumulation of the products of 
growth. 

6. Removal of these products, as by local death or injury or by 
general inanition, reinaugurates the process of growth which continues 
until equilibrium is reattained. 

7. The sum of the processes constituting growth are governed and 
determined in rate and magnitude by the specifically slowest essen- 
tial process. 

8. Cell-multiplication and cellular growth by intussusception are 
manifestations of one and the same underlying process, the former 
phenomenon being dependent upon the latter and occurring, as a 
rule, whenever the rate of growth by intussusception exceeds a certain 
critical limit. 
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The substrates of growth, 7z.e., the material out of which living 
tissues are synthesized, are the foodstuffs, namely oxygen, water, 
inorganic salts, carbohydrates, fats, proteins and the various “acces- 
sory foodstuffs” or vitamins. In the period of biochemical research 
which immediately followed the fundamental investigations of Liebig 
and Voit, the application of the laws of the conservation of matter and 
energy to the phenomena of growth and metabolism appeared to 
supply all the necessary clues for the interpretation of the relationship 
of the foodstuffs to the maintenance of life. With the increasing 
refinement of our knowledge of the intimate chemical structure of the 
' foodstuffs, themselves, it has become increasingly apparent to us 
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during the past decades that it is not sufficient merely to supply an 
animal or a human being with a sufficiency of nitrogen, carbon, 
oxygen and calories to replace his daily waste, in order to maintain the 
equilibrium between waste and repair in his tissues, not is it even 
sufficient to supply these desiderata in digestible and assimilable form. 
Furthermore, it is necessary to supply irreducible minima of specified 
atomic groupings or complexes of nitrogen, carbon, hydrogen, oxygen, 
etc., which, it appears, are essential constituents of living matter and 
yet are not synthesizable by animal tissues. Thus, the pyrrole group- 
ing, for example, which is an essential building-stone of hemoglobin, 
would appear to be as much an elementary requirement of animals as 
nitrogen or carbon itself, inasmuch as they are unable to synthesize it 
from other carbon and nitrogen complexes in the diet and, lacking it, 
are just as assuredly suffering starvation as if they were lacking 
one of the more elementary desiderata (1). 

The variety of these essential constituents of the diet with which 
we are acquainted is already very great and is unquestionably destined 
to grow with increasing refinement and variety of investigation: It 
is highly probable that many of the raw materials from which the 
various internal secretions are synthesized are dietary constituents of 
this essential type. For example, the iminazolyl grouping, which in 
all probability forms an essential constituent of the active principles 
of the pituitary body,?: 1°? the catechol grouping, which is an essen- 
tial component of the molecule of adrenalin,’ and the indole radical, 
which from the observations of Kendall would appear to be a com- 
ponent of the active principle of the thyroid,® are examples which 
will serve to illustrate the essential importance of specific molecular 
groupings or arrangements of atoms, which, if not synthesizable by 
animal tissues, must necessarily form a part of the diet in order to 
maintain bodily equilibrium, and to a still greater extent, render 
normal growth a possibility. 

The clearest indication of the dependence of tissue-synthesis upon 
the presence of specific atomic groupings in the dietary is, however, 
afforded by the investigations of Willcock and Hopkins** and of 
Osborne and Mendel®?: ** who made a study of the adequacy of 
various pure proteins to supply the nitrogen-requirements of growth 
and maintenance. 

The investigations of Emil Fischer and of many others during the 
past twenty years have shown us that the various protein constituents 
of tissues and of the diet are built up out of varying proportions of a 
limited number (nineteen in all) of amino-acid radicals which are 
linked together in long chains. Now certain of these nineteen radicals 
are lacking in some of the proteins. Consequently, the administration 
of such proteins to growing animals as the sole source of nitrogen in the 
diet, enables us to ascertain whether the amino-acid which is thus 
lacking is synthesizable by animal tissues, for it is not present in the 
diet and it must be synthesized if normal tissues are to be produced by 
the animal. 
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From the investigations cited, it appears to follow that the only 
amino-acid radical which is synthesizable by animal tissues is glycocoll, 
or amino-acetic acid. Of the remainder it is probable that all must 
be present preformed in the diet in order to permit the accretion of 
living tissue. At all events, this requirement has been positively 
established for several of the amino-acid radicals, for example, lysin, 
tryptophane, and tyrosin. ! ith 

Zein, which is the alcohol-soluble protein of maize, is lacking in 
glycocoll, tryptophane, andlysin. Now the investigations of Willcocks 
and Hopkins and of Osborne and Mendel have shown that is zein be 
the sole source of nitrogen in the diet, not only the accretion of fresh 
tissue but also the maintenance of that already formed becomes 
impossible, so that, even though the animal be supplied with abundance 
of nitrogen, carbon, salts in correct proportion, water, and calories, 
it nevertheless dies of inanition. If tryptophane be added mainte- 
nance becomes possible, but not growth. On such a diet, even when 
supplied with gliadin, which lacks only glycocoll and lysin, a young 
animal lives but ceases to grow, maintaining always an infantile 
appearance. Readmission of the constituent absent in the diet % 
restores full capacity to grow until what would normally be a 
“ripe old age.’”’ Upon addition of lysin as well as tryptophane 
normal growth and maintenance are at once rendered possible, the 
glycocoll being synthesized by the animal itself. Evidently the 
endogenous metabolism or waste of lysin, incidental to and an essential 
consequence of life, is reducible to zero, possibly because a limited supply 
of lysin may bg utilized over and over again in the processes of waste 
and repair. On the other hand, the endogenous metabolism of trypto- 
phane is not reducible to zero. An inevitable waste occurs, and, the 
tissues of the animal being unable to synthesize it from other nitro- 
genous constituents of the diet, tissue waste exceeds tissue repair, 
with the ultimate and inevitable result of death due to loss of tissue. 

It has long been known that gelatin is a ‘“‘sparer of protein,’ 
v.e., can furnish a portion but not the whole of the nitrogen in the diet. 
We now recognize that this is due to the absence of tyrosin and trypto- 
phane from the molecule of this protein. 

The proteins of seeds are generally deficient in one or more of the 
amino acids required for the synthesis of protoplasm. Nor do they 
supplement each other’s deficiencies satisfactorily when they are 
mixed in the diet.8° 9%, 94, 9, 9%, 97 Tn the case of Maize the 
deficiency of the protein leads, in human beings, to the development 
of Pellagra, when the nitrogen of the dietary is derived almost exclu- 
sively from this source. An analogous condition has been induced in 
the chimpanzee by restricting the protein in the diet to the Zein 
derived from maize, and when the condition had not persisted for too 
long a period it was found possible to check it and prevent a fatal 
outcome, by the administration of Tryptophabe.22 

In addition to these molecular groupings of known constitution 
others, at present chemically undefined, are known to be necessary for 
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the synthesis and maintenance of the tissues. These are the “acces- 
sory foodstuffs” or Vitamins. * 

There are at present known to be three classes of accessory food- 
stuffs, namely a fat-soluble accessory, or Vitamin A; a water-soluble 
accessory or Vitamin B; and the anti-scorbutic accessory or Vitamin 
C. The fat-soluble accessory is contained in animal fats with, the 
exception of lard which is usually deficient in it. If, however, 
the pigs have been fed with a lavish supply of green food the lard 
derived from them may contain appreciable quantities of this acces- 
sory.®7, 4%. 81, 164 Tt is lacking in the majority of vegetable oils and 
therefore, of course, in the hydrogenated vegetable oils which are now 
used extensively as substitutes for lard. It is exceptionally abundant in 
cod liver oil. It resists heating, but is destroyed by simultaneous 
heating and exposure to oxygen, as by aeration. 

Absence of the fat-soluble accessory from the dietary results in 
failure of young animals to grow and a decline of the fertility of mature 
animals. Hence growth upon a fat-free diet cannot be maintained, no 
matter what excess of carbohydrate may be furnished.?® 72, 77, 79, 87, 148 
Moreover, animals fed upon a diet deficient in this accessory 
frequently develop Xerophthalmia (keratitis), arising from deficient 
resistance of the tissues of the cornea to bacterial invasion.!7 147 It 
is suspected that deficiency of this accessory plays an important part 
in the etiology of rickets.*4: 74; 88 

The water-soluble vitamin is contained in the cuticle and germ of 
seeds and in aminal tissues. It is rapidly destroyed by autoclaving 
at a temperature considerably above the boiling point of water, and 
more slowly by boiling. Crystalline preparations of a high degree of 
potency have been prepared by Funk.‘ 4°. 46 47 Williams and 
Seidell,'®° and others, but purification of these preparations has 
always, so far, been attended by loss of potency, and the chemical 
relationships of the active substance have not yet been possible to 
define. Deficiency of this accessory is responsible, in human beings, 
for the disease of “beri-beri’’ prevalent in many parts of the East. 
In fowls or pigeons a diet of polished rice induces polyneuritis resulting 
in paralysis and finally in death. The condition is alleviated with 
extraordinary rapidity by the administration of aqueous extracts of 
the germ or husks of rice. The growth of young rats is totally inhibited 
by a diet lacking this accessory.*” 

The antiscorbutic accessory or Vitamin C is contained in the juices 
of acid fruits, the ‘“Swede” turnip and the tomato. It is rapidly 


* It' would be advisable to designate these chemically undefined dietary essen- 
tials “‘accessory foodstufts,”’ as originally proposed by their discoverer, Gowland 
Hopkins, reserving the term ‘‘ Vitamin” for the particular substance, or group of 
substances, to which it was originally applied by Funk, namely the water-soluble 
accessory. Then in the future, when these substances become chemically defined, 
it will probably be found that the term “Vitamin” designates a group of closely 
related chemical substances, while the ‘‘accessory foodstuffs” may be of very 
diverse chemical constitutions. However, the present custom is to designate the 
three established accessories respectively, Vitamin A, B, and C. 
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destroyed by heating and is therefore absent from thoroughly cooked 
food. Absence of this accessory leads to scurvy in human beings and 
in the guinea-pig, while in other animals, although symptoms recogniz- 
able as scurvy do not appear, growth is diminished or altogether 
checked.®: 21; 23, 32, 48, 62 

From these investigations it is clear that the elementary substrates 
of growth are in all probability very numerous and represent a variety 
of chemical groupings superadded to the more elementary require- 
ments of nitrogen, carbon, and calories. | 

It is furthermore evident that growth, like all other chemical 
transformations, is absolutely dependent upon its raw materials or 
substrates and cannot occur in their absence. On the other hand, the 
capacity to grow, as the above-cited investigations of Osborne and 
Mendel reveal,*4: °° is not determined by age, but, as we con- 
cluded in the preceding section of this chapter, by a lack of balance 
between the forward and opposed reactions of tissue-synthesis and 
tissue-degradation, so that upon admission of the necessary substrates, 
no matter what the age prior to death of the animal may be, growth 
occurs and continues until equilibrium or equality of the velocities 
of tissue-synthesis and tissue-degradation, is attained. Thus we again 
reach the conclusion, this time from a totally different angle, that. 
the relatively stationary weight of an adult animal is determined by 
the accumulation of the products of growth and not in any sense by the 
exhaustion of its substrates. 


CATALYZERS OF GROWTH 


We have all been rendered familiar, during the past two decades 
of scientific thought, with the conception of “catalyzers.”’ The vari- 
ous digestive ferments will immediately be recalled to mind in this 
connection. The catalyzers are substances which, when added to a 
chemical reaction, greatly accelerate it without being necessarily 
consumed in the process. Thus, a small concentration of acid enor- 
mously accelerates the decomposition of cane-sugar or of starch by 
boiling water; yet the acid can be recovered unaltered in amount or 
composition from the mixture after the reaction has been completed, 
and may even be used over again to “invert”? a fresh batch of cane- 
sugar. A minute quantity of pepsin or of trypsin will enormously 
accelerate the decomposition of protein by water. In fact, the quantity 
of protein so decomposed may amount to five hundred thousand times 
the weight of pepsin employed to catalyze the process. 

If a catalyzer is of the “typical” variety and is not in any degree 
consumed during the reaction which it accelerates, then it necessarily 
follows that it cannot alter the final equilibrium of the reaction, for a 
shift in chemical equilibrium means, generally speaking, that heat is 
either produced or absorbed, and the equivalent in work or heat must 
be supplied by external agencies or from some other collateral chemical 
reaction. Since the catalyzer introduces no condition not implied in 
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its presence, the energy-change involved in a shift of equilibrium would 
of necessity, be equated by a change in the energy-content of the cata- 
lyzer which could only be supplied by its chemical transformation, 7.e. 
by consuming it. It therefore, follows, that since the equilibrium in 
any chemical system is determined by the equality of the velocity of the 
forward and opposed reactions, a catalyzer of this type must acceler- 
ate the forward and reverse reactions in precisely equal proportion.®®: 9 
This is an assumption which we have already made in deriving the 
formula of autocatalysis in the cases in which equilibrium is wholly 
or partially determined by the accumulation of the products (Equations 
4-7, Section 1). It furthermore follows, of course, that a catalyzer 
cannot initiate a chemical reaction which is not already proceeding, how- 
ever slowly, in its absence. 

We have seen that the chemical processes which underlie the growth 
of animals are of such a nature that they produce their own catalyzers. 
If this be so, we are then immediately impelled to the conclusion that 
eatalyzers of growth exist, 7.e. substances which, perhaps in minute 
proportion and certainly quite independently of their nutritive or 
substrate-value, may profoundly modify the growth of living tissues. 
The question now arises whether any evidence, other than this infer- 
ential kind, is obtainable of the veritable existence of such catalyzers 
of growth. 

The profound significance of the various endocrine organs in the 
processes of growth immediately suggests itself as affording just the 
kind of evidence which we seek. We know from abundant clinical 
experience, that disorders of the thyroid, thymus, chromaffin system, 
pineal gland, and particularly of the anterior lobe of the pituitary 
body are reflected ina disturbed development of the various tissues 
of the body,*: **: 143: 15> and the action of the secretions of the corporea 
lutea in stimulating the production of decidua”! is a striking example 
of the intensity and specificity of growth-stimulation which may be 
brought about by agencies of this type. 

We can hardly suppose that these organs are in reality digestive 
organs, or that the effects observed are to be interpreted as the results 
of sub- or super-nutrition. The very nature of the effects themselves 
precludes such a supposition, for while inanition or over-feeding affects 
all tissues more or less in the same manner* the disorders of the endo- 
crine organs referred to, lead to an extraordinary disproportion of 
development, one tissue or group of tissues displaying over-growth 


* This statement must be accepted in a qualitative rather than a quantitative 
sense. Itis true that the tissue-wastage consequent upon inanition attacks certain 
organs first, sparing the most essential organs, the heart and the brain, until all 
other resources have been exhausted. On the other hand over-feeding encourages 
the deposition of reserve-materials, subcutaneous fats, and deposits of glycogen. 
However, the disproportion of the effects of inanition and over-feeding upon differ- 
ent tissues is always of the same type, affecting all organs alike in some degree, and 
is never so marked as the disproportionate development of the several tissues which 


is observed, for example, in acromegaly. 
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and yet another, perhaps, displaying equally marked deficiency of 
development. ; 

We have seen that in the simpler undifferentiated organisms, such 
as bacteria or infusoria, the function of growth catalysis is inherent in 
every cell and that, moreover, a portion of the accelerative agent 
escapes, at every nuclear division, into the medium which the cells 
inhabit. Even in the higher and more differentiated organisms 
the phenomena of regeneration and repair, and of tissue-growth in 
vitro combine to show that ability to produce the autocatalyst of 
nuclear synthesis is a universal property of living matter. The fact 
that all extracts of living tissue appear to exert some measure of accel- 
erative effect upon the multiplication of isolated yeast cells **, 99:6 197 
confirms the view that the autocatalyst of growth is inseparable 
from life itself. A striking demonstration of this principle and of the 
analogy which these accelerative agents bear to the true catalyzers is 
furnished by the fact that two types of growth of yeast may be dis- 
tinguished; a very slow growth without “‘bios,’”’ and very rapid multi- 
plication in its presence.*° In other words the yeast cells are 
themselves able in time to produce the catalyst and even in the 
presence of minimal amounts, the reactions involved in nuclear 
synthesis nevertheless occur at a very low velocity. 

Little is known about these universal catalysts of growth, their 
very universality having concealed, until very recently, the fact of 
their existence. The substance in tissue—or yeast— extracts which 
stimulates the multiplication of yeast is thermostable, soluble in 
water, in acid alcohol, and in glacial acetic acid.3° The accelera- 
tive substance which is produced by infusoria is similarly thermostable. 

In the higher and more differentiated animals the above-cited 
effects arising out of the activities of endocrine organs, suggest that in 
certain instances the underlying auto-catalysis of the growth of all 
types of tissue may in the case of particular tissues be aided by the 
production of catalyzers by special-groups or organs situated else- 
where in the body. It would, indeed, be surprising if this were not the 
case, in view of the specialization and delegation of function which 
characterizes the higher planes of organic evolution. As in other 
instances of specialisation the delegated function is not lost. Just as 
digestive ferments may be found in all tissues and not merely in the 
cells composing the digestive organs, and as the function of motility 
is or may be displayed by almost all cells at some period of their 
existence, and not merely by the muscle-fiber cells, so the function of 
growth-catalysis remains inherent in every cell, although in occasional 
instances the catalysis of some special type of growth is partially 
delegated to a special organ. Among the active principles of those 
endocrine organs which are known to profoundly affect the growth of 
specific tissues, therefore, we may look to find substances which, while 
not necessarily related in any way to the universal nuclear autocata- 


lyst, may nevertheless exert analogous effects upon the growth of these 
tissues. 
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__ Investigations upon both normal and pathological growth extend- 
ing over a number of years, which have been conducted in my labora- 
tory and elsewhere 6, 15, 18, 68, 66, 115, 120, 121, 122, 123, 132, 1383, 134, 135, 136, 137, 150 
have shown that several substances of slight or totally-negligible nutri- 
tive value are capable, of profoundly modifying the relative velocities 
of different types of growth when administered to animals in unusual 
amount. Such substances are, for example, lecithin, cholesterol, and 
the complex phospholipin “tethelin,” which I have isolated from the 
anterior lobe of the pituitary body.122:124,128,129,134,141 

Several characteristics serve to distinguish these substances from 
the substrates of growth to which reference was made in the preceding 
section. In the first place, they affect growth profoundly when super- 
added to an already abundantly varied and sufficient diet. The essen- 
tiality of lysin for growth, for example, is only revealed by administering 
to the animals a diet which is deficient in lysin. Once the necessary 
minimum has been supplied which is needed to maintain the equilibrium 
between tissue-lysine and circulating lysin,!53 the excess no longer 
affect the growth of animals in any striking manner. The reverse 
is the case with cholesterol or tethelin. When minute amounts (40 
milligrams per day of cholesterol or 4 milligrams per day of tethelin) 
are added to an abundant and varied diet and administered in this 
fashion to mice, characteristic modifications of growth occur which 
unmistakably indicate disproportionate development of certain tissues. 

It is furthermore characteristic of the catalyzers of growth, as dis- 
tinguished from the substrates of growth, that they affect specific 
tissues primarily and that different tissues or the same tissue at differ- 
ent stages of its development, may be acted upon in diverse ways 
by the same catalyzer. Thus, cholesterol very strikingly acceler- 
ates the growth of carcinomata,!*» 3 and the rate of division 
of paramecia.!® Certain of the tissues of mammals are retarded 
in their growth by cholesterol, possibly owing to the favor extended to 
other tissues, since the early growth of white mice is decidedly retarded 
by cholesterol, although at a later stage (succeeding puberty) their 
growth is accelerated, so that the outline of the resultant growth curve 
is totally different from that of the normal curve.'** Lecithin, on 
the other hand, retards the rate of multiplication of paramecia.’® 
while to an equally striking degree it accelerates the growth of tad- 
poles.®*, 6° In the effect of lecithin upon tadpoles, we have a very 
interesting illustration of the diverse actions of the same substances 
upon the growth of different tissues, for while, as stated, lecithin 
accelerates the growth of tadpoles in weight and linear dimensions, it 
inhibits the multiplication of the pigment-cells in the skin, with the 
result that the animals which receive lecithin are very lightly pig- 
mented in comparison with normal tadpoles of the same age. 

Tethelin accelerates the growth of epithelial tissues (skin tissue 
and carcinoma), while, like cholesterol but in much smaller doses, it 
retards the growth of young mice (fifth to fifteenth weeks) indicating 
that the growth of certain tissué-elements is retarded, possibly owing 


464 GROWTH AND DEVELOPMENT 


to the unequal favor extended to epithelial and bony tissues. Ata 
later period (subsequent to puberty) the growth of mice is accelerated, 3 
so that the form of the growth-curve represents a characteristic dis- 
tortion of the normal curve. The ‘bodily density” of the adult 
tethelin-fed animals is unusually high, the linear dimensions being 
small in comparison with their weight, a phenomenon which is possibly 
due to the acceleration of the completion of the skeletal framework 
and postponement of the development of the soft tissues. The 
favorable action of tethelin upon the development of skin and bone are 
strikingly reminiscent of the hypertrophy of the epidermis, hhyper- 
trichosis and enlargement of the extremities of the bones which are 
such notable features of acromegaly.?% 12?) 128 

We thus see that the growth catalyzers, unlike the growth-sub- 
strates, display a certain degree of tissue-specificity, affecting different 
cell- or tissue-types not merely in differing degree but in differing 
manner. 

Still another distinction which obtains between the substrates and 
the catalyzers of growth is the unmistakable tendency of the ultimate 
equilibrium to attain the same or approximately the same level in the 
presence of excess of the catalyzer asin its absence. The older animals 
which have received excess of cholesterol or tethelin in their diet 
approximate more or less in weight to normal animals of like sex and 
age,* although the growth-curve representing the stages by which 
they attain this ultimate condition is totally unlike the normal. The 
behavior of growth-catalyzers, therefore, remind us of the ‘“typical’”’ 
catalyzers to which we referred above. The growth-substrates, on 
the contrary, if deficient in amount, determine the attainable develop- 
ment with absolute finality, just as the amount of cane-sugar which is 
subjected to the action of acidulated water determines with absolute 
finality the yield of invert-sugar which will be obtained. 

A further analogy between the growth-catalyzers and the ‘“‘typical”’ 
catalyzers is that which is afforded by the fact that despite the marked 
acceleration of pre-established carcinomatous growth which choles- 
terol or tethelin are able to cause, it is impossible, even by prolonged 
administration of these substances, to initiate carcinomatous growths 
in animals which have not been inoculated with carcinomatous tissue. 
Evidently these substances are accelerators but not initiators of the 
growth-process, and resemble other catalyzers in being able to 
accelerate reactions which are already occurring in some measure but 
unable to initiate reactions which would not occur, however slowly, 
in their absence. 

The existence of a variety of growth-catalyzers having more or less 
specific relations to definite types of tissue may therefore be regarded 
as established. The specificity of their action and the variety of 


* Phenomena of senescence may prevent absolute identity of ultimate develop- 
ment from being attained. Furthermore, the disproportionate development of 
certain tissues, for instance the skeleton, may mechanically inhibit the ultimate 
normal development of others. ; 
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parts played by the various endocrine organs in development rather 
invite the supposition that the several endocrine organs which control 
development each supervise and control the growth of particular 
groups of tissues., We are reminded of the multiplex character of the 
growth-process in mammals, as manifested by the presence of three 
distinguishable cycles of growth in the curve of complete development. 

Nevertheless, underlying and modifying all of the special instances 
of growth-acceleration or retardation which have been traced to Endo- 
crine activities in the higher animals, must be a much more generalized, 
and therefore more fundamental mechanism of growth-regulation, 
which governs the growth and ultimate dimension of all cell-communi- 
ties. This mechanism arises, as we have seen, from the control of the 
rate of growth of all cells by a ‘‘master reaction” or specifically slowest 
process, which is autocatalysed. 


THE ENERGY EQUIVALENT OF GROWTH 


The storing up of tissue-substance possessing a definite calorific 
value necessarily results in the retention by the growing animal of a 
proportion of the energy-value ofitsfood. Furthermore, a considerable 
proportion of the heat-value of the diet, varying with the animals’ 
age and rate of growth, is additionally consumed and dissipated in 
performing the work of storage. This is doubtless attributable to the 
fact that at all stages of growth, as at all stages of any chemical trans- 
formation, the forward and reverse reactions are proceeding side by 
side.. In growth, the products of the reverse reaction (tissue-degrada- 
tion) are not in general utilizable for the forward reaction (tissue- 
synthesis) so that their energy-value is consumed and dissipated in the 
form of heat, mechanical work, and the energy-values of excreta. 
Hence, we find that the slower the accretion of tissue in a given species 
of animal the greater the energy consumed per kilo of tissue built up, 
since the reverse reaction in such a case is proceeding for a longer time 
and more rapidly.*: 14° 

The following are illustrative results which were obtained by Aron. 


Taste 1.—GrowrTH or Docs 


Calori d | Increase in weight Polonee peur ee 
alories consume : 
Animal number A : per gram of tissue 
in fifty days in fifty days 2 ahlins 
B 19,950 1,570 iP) are 
Cc 13 ,925 : 1,000 13.9 
VIII 9,500 780 16.4 
XII 10,750 838 15.6 


oe elie a ae celle aaa i ee ae 

From these results it is clear, as Aron points out, that an animal 

gaining 1000 grams during fifty days needs fewer calories for this gain 

than one gaining 1000 grams in one hundred days, the reason being, 
Vou. I—30 
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as indicated above, that in the first instance the animal needs to be 
‘(maintained ” for only one half as long as in the latter. The following 
are comparable observations made by Aron upon Filipino children: 


TasLe 2.—Maria INocENCIO 
a 
Increase in grams Calories 
From To Number 
week week | of days 


ree To— | Per day | Per day | Per kilo 


21 26 35 3500 3600 3 350-375 | 100-105 


26 31 ol 3650 4225 17 | 450 115-120 
31 35 28 4225 4811 2s | tax oO0) 125 


TasBLe 3.—MIGUELO PRIEGA 


From To Nines Increase in eran | Calories 
k k fd 
oe, maa San From— | To— | Per day | Per day | Per kilo 
+ 9 35 3550 4175 17 | 350-400 | 100 
9 13 28 4175 4850 24 | 450-475 | 105 


Hence during the entire period of the investigation Maria Inocencio 
increased in weight at the rate of 14 grams per day and consumed an 
average of 450 calories per day and 115 calories per kilo. Miguela 
Priega, on the other hand, increased in weight at the rate of 21 grams 
per day and consumed about the same number of calories per day and a 
considerably smaller number per kilo. 

According to Rubner'*** the energy consumed per kilo in doub- 
ling the birth-weight of animals is always very nearly the same, except- 
ing in the case of man, namely about 4000 calories. The following 
data are presented by Rubner in support of his thesis: 


TaBLE 4.—ENERGY-CONSUMPTION PER KiLo In DousiinG THE BIRTH-WEIGHT 


SPECIES ENERGY-CONSUMPTION 
| Col = ee ne oe eG Ae See SRE 4,512 
COW a ess, 3 te epee peach coe hci a 4,243 
lass) 6 ied ai tt, wo ZONA ame ee, “ate hs lee 3,926 
TOG yc Goins oy teaateve meet tees tare es oe eee ee ee 3,754 
Dogon sia Shes rea eee oe ee eee 4,304 
Abie 2 aces SS ea sk 4,554 
Rabbits.icih-v. Ree Baws Pee eee 5,066 
Man... 5 ans sats ar Rar cts 9 cia al 28,864 


The generalized form of this relationship would be 


E 
.parae logaz+b (8) 
* Cf. also, Wilson.16 ' 
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where F is the energy-consumption, x the weight of the animal and a 
and b are constants which are independent of the species (except man). 
Doubling of the weight would obviously always add an equal amount 


: E F 
to the quotient y’ that is to the total energy-consumption per kilo. 
This leads to the differential equation 


Aa igh te (9) 


which means that the consumption of energy per unit of tissue accre- 
tion increases in proportion to the energy which has already been con- 
sumed in reaching the weight to which this unit of tissue is added. 
This obviously corresponds very well with the facts ascertained by 
Aron. It is, however, probable that Rubner’s law is not generally 
applicable, but that it holds good only in the earlier stages of growth, for 
unless some factor varying with the time be superadded to equation 
(8) it would lead to the absurd conclusion that an adult animal ceases 
to consume any energy at all. Rubner’s law, therefore, only partially 
expresses the facts, and is at variance with his further generalization 
that the energy-consumption of animals per kilo, for the duration of 
life after attainment of maturity, is approximately the same for all 
species,'*4 man, again, affording an exception to the rule. 

The heat production of infants at various ages is thus summarized 
by Murlin.°°* 


TaBLe 5.—Heat Propuction or INFANTS, RECENTLY FED AND SLEEPING 


Per Kino Per Squarp Msrer or 
Aq@xE AnD Hour SuRFacm AND Hour 
i STi a Wee Mere ee ee on pk eer cere 1.87 25 
2-to- 4 Months 2s. Gow ees Fe 2.38 35 
GiovL2 Months. he see oe 2.45 42 


Under-fed and atrophic infants produce more heat than this, 
while over-weight infants produce less. 

It must be remembered, however, that these figures are subject to 
considerable modification by a variety of factors, among which the 
type and quantity of clothing worn, and the temperature of the sur- 
rounding atmosphere are perhaps the most important.°” 
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’ THE FIRST OR INFANTILE GROWTH-CYCLE 


Prenatal Growth.—The determination of the time-relations of 
growth during the early months of pregnancy is beset_by the same 
difficulties which attend the determination of the period at which 
development begins. The uncertainty attaching to our estimate of 
the age of the fetus necessarily vitiates the accuracy of our growth- 


* Cf. also, Howland.* 
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diagram. Moreover, this inaccuracy is increased, if at the time we 
are unable to determine accurately the length of the period of develop- 
ment which the fetus has undergone. Consequently our estimate 
of the weight or length of the human fetus at various periods of the 
intra-uterine life is very inexact during the early months of pregnancy. 
These estimates, however, become increasingly more accurate as we 
approach the termination of gestation so that the errors in the esti- 
mate of the period of gestation become a less important proportion 
of the age of the fetus. ; 

According to Zangemeister,!®? the average length and weight of 
the human fetus in the various lunar months of pregnancy are as 
follows: 


Taste 6.—AGE AND DIMENSIONS OF THE HUMAN FETUS 


Length, Weight, Monthly increment 
Month . ‘ : 
centimeters grams in weight, grams 

1 0.7 1.0 

2 2.5 2.5 1.5 
3 9.0 12.4 9.9 
4 13.4 89.8 77.4 
5 18.9 252.7 162.9 
6 31.6 795.5 542.8 
7 34.5 1066.0 270.5 
8 39.3 1540.1 474.1 
9 45.5 2243 .3 703 .2 
10 49.9 3242.4 999.1 


TaBLE 7.—AGE AND DIMENSIONS OF THE HuMAN FETUS 
te SE ee 


| 
Manth Length, Weight, . Monthly increment 
centimeters grams _ in weight, grams 

4 10-17 | 30-120 
5 17-27 139-350 109-230 
6 27-34 400-800 261-450 
a 35-38 820-1200 420-400 
8 39-43 1220-1620 400-420 
9 44-48 2100-2700 880-1080 

10 48-56 2800-5500 700-2800 


ss es ee 
This may be compared with the following estimates by Daffner :*° 


and, with the following estimates by Haase, Schroeder, Ahlfeld, 
Fehling and Génner: 149 
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TABLE 8.—Acr anp Dimensions or HuMAN Frtus 


AESrith Length, Weight, Monthly increment 
centimeters grams in weight, grams 
1 1 
2 4 
3 9 25 
4 16 75 50 
5 25 250 175 
6 35 750 500 
7 42 1250 500 
8 45 1800 550 
9 48 2500 700 
10 50 | 3000 500 


a ee eee 


The discordance between these various estimates, made upon 
similar racial material is eloquent of their inaccuracy. We must 
conclude, therefore, that the estimates, especially those of weight, 
are possessed of only qualitative value. In general, however, the 
various estimates taken together reveal the fact that the growth in 
utero is part of a single growth-cycle, being interrupted by no pause or 
period of slackened growth, and that the velocity of growth (as indicated 
by the monthly increment in weight) increases continuously, reaching 
a maximum just before delivery. 

I have sought to determine with somewhat greater precision the 
later portions of the pre-natal curve of growth from the weights of 
infants born at varying periods. Then in order to test the reliability 
of this method of procedure, I have also determined the weights 
of infants born somewhat later than the normal period.!'® Since 
this latter curve is identical with the continuation of the normal 
curve of extra-uterine growth that begins with the time of birth, 
we have reason to infer that the curve determined by the weights of 
prematurely delivered, but otherwise normal children, represents. 
the further continuation of the same normal curve of growth back- 
wards into the intra-uterine period. ; 

The data were exclusively obtained from the ‘‘The Queen’s Home,” 
a maternity hospital in Adelaide, South Australia, and cover the years 
1909-1913. Only those data were considered in which the period 
of gestation, reckoned from the date of the last menstruation, was 
definitely known. All infants stated to be suffering at birth from 
syphilitic infections, deformities, etc. and all infants who died within 
one week after delivery were excluded. The infants delivered by 
mothers who were suffering at the time of delivery or prior thereto 
from zymotic disease or other pathological conditions of a serious 
nature were also excluded. 

The following (Table 9) are the results obtained for males; - 
all infants born between 275 and 285 days after the onset of the last 
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menstruation are tabulated as having been born at 280 days, all 
between 285 and 295 days as having been born at 290 days, etc. 
Those born upon a limiting period separating two classes (e.g. 285 
days) are included in both classes (¢.g., 280 and 290). 


Taste 9.—Mates. (Uncorrecrep Data) 


Days pregnancy Number of infants Average weight in ounces* 
190 1 Pl 
200 0 
210 1 54 
220 0 
230 0 
240 1 123 
250 2 117 
260 22 119 
270 38 121 
280 79 127 
290 78 130 
300 16 139 
310 9 138 
320 3 123 
330 1 152 
340 0 


A general tendency for increasing weight at birth to accompany 
increasing length of pregnancy is evident, but this becomes still more 
striking on correcting the above figures in the following way. The 
most probable error in the estimation of the period of pregnancy is that 
of one month. Hence, I assume that all periods of gestation which 
culminate in the delivery of infants weighing less than the uncorrected 
average for those born thirty days earlier, or more than the uncorrected 
average for those born thirty days later, are erroneously estimated. 
Infants delivered in these cases are, therefore, excluded. In this way 
we also exclude probably the majority of crypto-syphilitic infants 
born at the later periods of gestation. 

The following, (Table 10) are the corrected results for males. This 
table excludes those born before 260 or after 310 days, since they are 
too few in number and possibly represent either pathological or erro- 
neously estimated gestations. 

The data for the 280-day infants were not corrected for three 
reasons, firstly, because the 280-day group is the group nearest to the 
mean, the mean period of gestation for male infants (cf. below) being 
282.5 days, secondly, because the average weight of the 280-day infants 

*T use the ounce avoirdupois (1 ounce = 28.34 grams) as a unit of weight 


because, in the first place the weights of the infants were actually measured in 


terms of this unit and, in the second place, it is a unit of very convenient dimensions 
for this purpose. 
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(127 ounces) is the nearest to the average weight of all the infants 
(127.3 ounces), and, thirdly, because errors in the estimation of this 
period would obviously tend to cancel one another. 


Tarte 10.—Mares. (Correctep Dara) 


Days pregnancy Number of infants Average weight in ounces 
260 16 111 
270 34 117 
280 79 127 
290 60 137 
300 13 145 
310 6 146 


The following are the corresponding figures for female infants: 


TaBLE 11.—FEMALES. (UNcoRRECTED Data) 


Days pregnancy Number of infants Average weight in ounces 
190 1 39 
200 2 59 
210 0 
220 i! 83 
230 2 90 
240 3 95 
250 6 97 
260 10 111 
270 32 113 
280 80 AA? 
290 86 125 
300 31 129 
310 14 130 
320 3 127 
330 1 134 
340 0 | 

' | 
Taste 12.—Femaues. (Correctep Data) 
Days pregnancy Number of infants Average weight in ounces 
250 6 97 
260 8 105 
270 27 108 
280 80 120 
290 70 130 
300 25 133 
310 11 138 


—— 
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These figures show perfectly clearly a regular and uninterrupted 
increase in weight during the last eight weeks of gestation. The 
average rate of increase throughout the period investigated is 21 ounces 
(595 grams) per month for the males and 20 ounces (567 grams) per 
month for the females. There is no evidence of any fluctuation of 
growth-velocity such as would indicate the participation of more than 
one growth-cycle. We may therefore infer that the later months of 
development represent the continuation in utero of the first extra- 
uterine growth-cycle. 

The Duration of the Period of Gestation.—From the data cited in 
Tables 10 and 12 on page 471 it is possible to construct a curve dis- 
playing the intra-uterine growth of infants from the 250th day of 
gestation until the 310th day. In order to determine which portion 
of this curve represents normally intra-uterine growth and which 
portion represents normally extra-uterine growth, however, it is 
necessary to determine with some exactitude the mean length of the 
period of gestation for man. 

It is customarily assumed 1°° that the normal duration of preg- 
nancy is 280 days, reckoned from the first day of the last menstrual 
period. Hecker *° has determined the duration of pregnancy in 109 
cases with the following results: at 


TaBLe 13 
Days PREGNANCY PERCENTAGE OF DELIVERIES 
258 0.92 
265 4.60 
272 14.72 
279 35.88:—Mode 
286 23.00 
293 12.88 
300 5.52 
307 : 
314 0.92 
321 


The Mode, or period of greatest frequency of delivery, obviously 
coincides very closely with the usual estimate of 280 days. 

From a statistical study of 511 normal confinements of South 
Australian Females,"* of which 247 yielded male infants and 264 
female infants, I have computed the mean length of periods of gesta- 
tion yielding males to be 282.5 days with a “probable error” of 0.55 
days and the mean length of periods of gestation yielding females to 
be 284.5 days with a “probable error” of 0.57 days. The distribution 
of the deliveries is shown in the following table: 
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TaBLE 14 
<= aan eee a 
Period of gestation Percentage of 247 male | Percentage of 264 female 
inidaya infants born at the desig- | infants born at the desig- 
nated period nated period 

240 0.0 el 

250 0.8 2s 

260 8.9 3.8 

270 15.4 12.1 

280 32.0 30. 

> Mode Mode 

290 31.6 32.6 

300 6.5 11.4 

310 3.6 5.3 

320 162 ie 


From these results we may infer that there is only one period, 
the “normal”’ period, at which the percentage of infants delivered 
by normal mothers attains a maximum. The ‘“‘frequency-curve”’ 
which illustrates the distribution of deliveries among the various 
periods of gestation on either side of the mean is obviously unimodal. 
In the guinea-pig, on the contrary, it is distinctly bimodal. On 
tabulating the percentages of deliveries at different periods of gesta- 
tion in this animal?°*: 11° two groups of maximum frequency are seen 
to occur, a smaller “premature” group rather definitely situated and 
a larger “normal” group separated from the former by a period in 
which deliveries are relatively infrequent. This phenomenon is 
attributed by Read to the fact that intra-uterine growth in the 
guinea-pig involves the completion of one cycle of growth and the 
initiation of a second and that the “‘premature” group of deliveries 
occurs at the termination of the first cycle. The unimodal frequency- 
curve of deliveries in man, therefore, confirms the evidence: (1) that 
there is no junction of growth-cycles in the later months of intra- 
uterine development, and (2) that in man the greater part of intra- 
uterine growth is comprised by the first portions of the growth-cycle 
which is completed during the first year of extra-uterine life. 

Bodily Dimensions at Birth—The weight of the average infant 
at birth may be regarded, in view of the comparative invariability 
of the average duration of gestation, as the weight at a period of 
approximately 280 days after the initiation of development. 

The weight of the infant at birth is very strikingly influenced by 
a variety of factors, among which may be especially mentioned the 
nutrition of the mother,®! the number of previous pregnancies, 
sex, race, and environment. According to Fourmann,’ each suc- 
cessive pregnancy leads to an average increase of 75 grams (2.65 
ounces) in the weight of the child at delivery. The effect of the 
first pregnancy is more striking than that of subsequent pregnancies, 
as the following figures for Danish infants show:°” 
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TapLe 15.—AVERAGE WrIGHT oF INFANT AT BIRTH 


Pregnancy 1833 males, ounces 1617 females, ounces 
Iraue tent a8 ore ie oer area 116.4 113-1 
DECOM See aA as ts 121 118.5 
“IDI STIS bh «, acl: Ge eee Re 122.9 116.9 
HOUT ULE fe nel else 123.4 118.9 
1 DSL, ain cn excites Caen 125.8 12156 


The influence of race upon the weight at birth is shown in the 
following table: 


Taste 16.—AvVERAGE WEIGHT AT BIRTH 


Males, | Females, : 

Race oe oe eget aes Investigator 
American (New England)... . 1205S EL ESSF Bowditch4 
English (London)........... 116.8 113.2 | Pearson ??- 
DAMIShi eet et, ase ee te eee 123.0 LB5e7 Heiberg*®? 
German: (South)... bie een a 122-1 ASAE Fourman’?é 
Russian (North \isac ¢eeeeee 114.0 111.5 | Tschepourkovsky1® 
JAPANESCS.svijopiay hey gah cates ees feel OS. % 98.1 | Miwa’s 


The British Anthropometric Committee* reports that the 
average weight at birth of 451 male infants born in London and 
Edinburgh is 113.6 ounces, while that of 466 female infants is 110.4 
ounces. Through the courtesy of Drs. Smallwood Savage and Elsie 
M. Humpherson I have been furnished with the weights of one hundred 
male and one hundred female infants at birth, chosen without selec- 
tion, from the records of normal full-term deliveries in the Maternity 
Hospital of Birmingham, England. From these data I find that 
the average weight of male infants at birth in Birmingham is 114.9 
ounces, while that of female infants is 113.5 ounces. In South Aus- 
tralia, however, the average weight at birth of 208 male infants, 
delivered after normal periods of gestation, was found to be 127.3 
ounces, that of 227 female infants being 121.3 ounces. 

From these figures emerges the striking fact, that South Australian 
infants weighed from 8 to 10 ounces more at birth than infants born in 
Great Britain. This fact is remarkable because, according to an article 
on the “People of Australia’? contributed n the Commonwealth 
Statistician, G. H. Knibbs, to the Federal Handbook on Australia 
issued in 1914 by the British Association for the Advancement of 
Science. “The Australian people, with regard to racial constitution, 
are virtually British, as the following figures from the last census 
show, and it may be added that the descendants of other European 
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Taces disclose but small differentiation from their fellow citizens of - 
British origin. The percentages of the principal races represented 
are as follows: 

“Australian born 82.90 per cent. natives of United Kingdom 13.37: 
of New Zealand 0.72; of Germany 0.75; of China 0.47; of Scandinavia 
0.33; of all other places 1.46; that is to say, at the date of the census, 
1911, no less than 97 per cent. had been born either in Australasia or 
in the United Kingdom.” 

“The evolution of the Australian people, therefore, may be regarded 
as that of the British people under changed climatic, social, and 
economic conditions.” 

The results observed cannot be due to any racial selection among 
the immigrants from the British Isles who have given rise to the popu- 
lation of Australia. In the first place, there is no evidence that such 
selection has occurred to any greater extent than it has, for example, 
in London, whose very great increase in population during the past 
century has been contributed by all parts of the British Isles; and in 
the second place there is no evidence of the existence of a race in the 
British Isles which is in any noteworthy degree superior in physical 
dimensions to the average inhabitant of England.* We can only 
infer, therefore, that the superior weight of the Australian infant at 
birth is attributable to the factors enumerated by the Commonwealth 
Statistician, namely, the change in climatic, social, and economic 
conditions. The climate is much less rigorous than that of England. 
Food is cheaper in proportion to income, or, when equal in price, it is 
better in quality; and the social and economic conditions are so far 
an improvement upon those prevailing in England, that whereas 
women of the laboring and lower artisan classes in England have 
frequently to supplement the family income by their own exertions, 
those of the corresponding classes in Australia as a rule confine their 
physical activities to the management of their households and families. 
This condition of affairs, quite apart from the possible direct effects 
of unsuitable physical labor upon the mother, must have important 
indirect effects in ameliorating the nutritional and hygienic conditions 
within the household. These conditions, therefore, taken as a whole, 
may be conceived as having an appreciable pre-natal effect upon the 
growth of children. Evidence substantiating this point is disclosed, 
on the one hand, by the investigations of Pinard, who has shown that 
the rest and improved nutrition of hospital life during the whole or'a 
part of the period of pregnancy, causes a notable increase in the average 
weightvof infants delivered by working mothers,*! and on the other hand 


by Prochovnik who has shown*! that the size of a child at delivery 


may be definitely reduced by restricting the diet of the mother. 
The length of the infant at birth is also influenced by race and sex 


as the following figures show: 
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Taste 17.—AvEerAGE LENGTH AT BIRTH 


Males, Females, : 

sage millimeters | millimeters Tnventiaaty 
TOIT sees 6 Sole OS eRe cane 496 491 Roberts!44 
Prencha (Paris) a... .2s> -Ase2 a. 499 492 Mies8® 
iby PaaS ee eee reece 500 494 Quetelet!°8 
Russiam (North)..../.:.-5. 505 495 Tschepourkovsky?°? 
South Russian Jews......... 508 500 Weissenberg!*6 
(Ge gaits a eats Ate tte Sapir ura 512 503 Daffner*° 


Post-natal Growth.—Data concerning the growth of infants during 
the first year succeeding birth are exceedingly abundant, but, unfor- 
tunately, the data most readily accessible are frequently of very little 
value. Anyone who looks into the methods of compilation that are 
commonly employed will readily perceive the numerous sources of 
error which vitiate a large proportion of observations of this type. 
In the first place, the sexes are very frequently grouped together. 
That such a practice is misleading is amply shown by the above-cited 
investigations on the influence of sex upon the weight at birth. In 
the second place, the weighings are not infrequently performed care- 
lessly on inaccurate balances by persons to whom accuracy in this 
connection appears superfluous; the weighings are generally, and neces- 
sarily, made at infrequent and irregular intervals. Finally, in 
constructing a normal standard, the data are frequently rendered 
still more questionable by the inclusion of sickly, diseased, or abnormal 
children, or infants who are the fruit of abnormal pregnancies. When 
we make due allowance for these and other sources of error, the acces- 
sible and reliable data become surprisingly few and fragmentary. 

In attempting to obtain more reliable data I have utilized the 
records which have been collected in recent years in England and Aus- 
tralia by the ‘‘Schools for Mothers.’’!!®: 117, 126 These institutions 
offer instruction to mothers regarding the feeding and care of their 
infants at a nominal charge. In South Australia the Registrar of 
Births reports at frequent intervals the births which have occurred in 
the neighborhood of the ‘‘ Adelaide School for Mothers Institute.” A 
nurse in the employ of the Institute then calls upon those mothers 
known to be more or less needy.in circumstances, who are likely to 
have insufficient medical advice, and proffers them the services of the 
Institute. The infants are voluntarily brought there by the mothers 
upon certain days when the nurse is in attendance. The infants 
are weighed without clothing by the nurse, and the weight and date 
with other important information, such as the infant’s food, illness, 
etc., are noted upon a card bearing the infant’s name and sex. The card 
is then placed on file for record. The children who are brought to the 
institute belong, for the most part, to the laboring and lower artisan 
classes, and include in their number a large proportion of sickly infants, 
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because mothers who cannot well afford private medical care for their 
children are quick to appreciate and take advantage of the benefits 
bestowed by the Institute. 

The following data (Tables 18 and 19), computed from the 
records of this Institute, were accumulated in the years 1910-1913. 
All infants suffering from definite ailments or requiring medical attend- 
ance were excluded from these computations. When babies who were 
otherwise normal, contracted zymotic diseases, such as mumps, 
measles, etc., the weights included in the data were those taken imme- 
diately preceding or accompanying recognition of the disease. All 
subsequent weighings were rejected, regardless of whether or not the 
disease, after its recognition, affected the baby’s weight. 

On the whole, the data were obtained from repeated weighings at 
irregular intervals of 159 ‘‘normal’’ infants, classified as follows: 


Breast-fed males.......... 63 \ 

Bottle-fed malen,.. css 27) Hd otal amaleseace.- oe topics 90 
Breast-fed females......... 43 

RN red finkiek Tce 26 } otalitemales see sae eee 69 


The ‘‘breast-fed”’ classes include all infants stated to have been 
breast-fed, irrespective of the period during which they were so fed. 
Infants are considered to have been bottle-fed when there is no record 
of breast-feeding upon their cards. The balance employed for weigh- 
ing was accurate to within one ounce. The following are the summar- 
ized data: 


TasLeE 18.—AVERAGE WEIGHT IN OUNCES OF MALES 


Age in months of 30 days Breast-fed Bottle-fed 

it 155 117 

2 187 141 

3 206 169 

4 224 193 

5 254 226 

6 270 242 

Zi 287 267 

8 300 329 

: 9 311 280 
10 326 298 

11 333 322 

12 330 335 


a 
The superiority of the breast-fed children, which has so frequently 
been commented upon by numerous observers, is here again strikingly 


revealed. 
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TABLE 19.—AVERAGE WEIGHT IN OUNCES OF FEMALES 


Age in months of 30 days Breast-fed Bottle-fed 
1 153 120 
2 168 137 
3 188 156 
4 209 179 
5 224 184 
6 253 198 
7 263 212 
8 270 239 
9 300 259 

10 315 252 
ig la 335 265 
12 345 288 


In the introductory part of this chapter I pointed out that the 
relationship between weight and time for any single growth-cycle is 
the same as that which subsists between the extent of transformation 
and the time in an autocatalyzed chemical reaction, that is, a reaction 
one of the products of which accelerates it. The formula expressing 
this relationship is: 
oe = FE a. 

Where A is a constant (= the maximum weight attained by the 
particular growth-cycle under consideration), t; is a constant (= time 
at which the cycle is half-completed) and K = kA where k is the 
specific velocity-constant of the process (see equations 1-7). 

We may, therefore, employ this formula as a means of estimating 
from the observed curve of growth and correcting slight accidental 
fluctuations in the average data. We shall employ for this purpose 
only the data for breast-fed infants, since these may safely be presumed 
to be the most ‘“‘normal”’ data available. 

The various constants in the equation of auto catalysis are com- 
puted from all of the observations by the method of least squares.* 

In this way we find that for the first nine months of the extra- 
uterine growthf the equation for the growth-curve for South Australian 
males is expressed by the formula: 


x 
logio SATS St = 0.136 (t = 1.66) (10) 


t being reckoned in months from birth and 2 in ounces. 


* For the methods of computation employed and tables for the facilitation of 
the incidental calculations the reader is referred to my “Tables for the Compu- 
tation of Curves of Autocatalysis, with especial reference to Curves of Growth.” 
University of California Publications in Physiology, 4 (1915) Nr. 21. 

j Only the data for the first nine months are employed in computing the 
constants, since in later months the effect of the second growth-cycle becomes more 
or less apparent. 


log 


THE PHYSICAL MANIFESTATIONS OF GROWTH 479 


In the following Table (20) the observed weights at the various 
ages are compared with those calculated from the above formula. 


TasBLE 20.—WetIaut IN OuncrEs or Mates 
a Sa a eS SES SE 


: : A = deviation 
oe: Lama = Observed Calculated from calculated 
value 
0 127 127 +0 
1 155 156 —1 
2 187 180 +7 
3 206 206 +0 
4 224 230 —6 
5 254 254 +0 
6 270 Die —3 
‘L 287 288 , =! 
8 300 301 —1 
9 oul ou +0 
10 326 319 
11 333 325 
12 330 330 


The equation for the curve of growth for the first nine months of 
the extra-uterine life of South Australian females is found to be: — 


x 


In the following table the observed weight at various ages are compared 
with those calculated from the formula: 


Taste 21.—WeEtcHT IN OUNCES OF FEMALES 


: : A = deviation 
tap ainiltine: Observed Calculated from calculated 
months | wate 
0 121 121 +0 
1 153 142 +11 
2 168 164 +4 
3 | 188 187 +1 
4 209 209 +0 
5 224 230 —6 
6 253 249 +4 
ou 263 267 —4 
8 270 282 a 
9 300 295 +5 
10 315 305 
11 335 314 
12 345 321 


In both instances the agreement between theory and observation 
is extremely good, especially if we consider the comparatively small 


number of infants observed. 
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Having thus found an algebraical formula which adequately repre- 
sents the post-natal growth of South Australian Infants, as determined 
from direct measurements at varying periods succeeding birth, we can 
now proceed with the aid of this formula to project the observed curve 
a short distance backwards and ascertain to what degree this exter- 
polated curve agrees with the curve of pre-natal growth determined by 
the measurement of the weight of pre- and post-maturely born infants 
at birth. F 

The mean period of gestation for South Australian male infants is, 
as we have seen, 282.5 days. In the Equation (10), therefore, which 
represents the post-natal growth of males, ¢ = 0 when the infant has 
presumably lived 282.5 days of intra-uterine life. It is true that 
there is much doubt whether the period of gestation measured from the _ 
onset of the last menstruation represents the true period occupied by 
the growth of the embryo,!®* but this uncertainty does not attach 
in nearly the same degree to the estimation of differences between 
periods of gestation, with which we are solely concerned here. Taking, 
therefore, the value of ¢ = 0 for the period of 282.5 days, and recollect- 
ing that ¢ =1 at 30 days, we find that male infants born; for example, 
at 260 days have been delivered 22.5 days or 0.750 month prior to 
the period defined by t = 0 in equation (10). In other words, in order 
to find by exterpolation from equation the ‘‘calculated’’ weight of an 
infant of this age, that is, the weight which it should have if intra- 
uterine growth were continued uninterruptedly into extra-uterine 
growth, we must insert the value ¢ = 0.750 and calculate from the 
equation the corresponding value of z. Proceeding in this way, we 
obtain a series of “calculated” weights which should agree very closely 
with the weights actually determined by weighing infants born at the 
corresponding periods if intra- and extra-uterine growth are portions of 
the same growth-cycle. A comparison of the “calculated” and 
“observed” weights of male infants born at varying periods of gesta- 
tion follows (Table 22), the ‘‘observed” weights being taken from 
Table 10 on page 471. 


TaBLE 22.—WEIGHT IN OuNCES oF MALES 


Period of Gestation Weight in ounces 


in days | 
| Observed | Calculated 
260.0 —0.75 111 110 
270.0 —0.42 117 17 
280.0 —0.08 127 126 
282.5 +0.00 127 127 
290.0 +0.25 137 134 
300.0 +0.58 145 142 
310.0 +0 .92 146 151 
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The corresponding computations for females follow (Table 23). 


In this case ¢ = 0 at 284.5 days. The “observed” weights are taken 
from Table 22 on page 480. 


TABLE 23.—WeEIGHT IN OUNCES oF FEMALES 


Period of Gestation | RE DER Ming noes 
in days : 
Observed Calculated 

250.0- —1.13 97 99 

260.0 —0.82 105 106 

270.0 —0.48 108 112 

~ 280.0 —0.15 120 118 

284.5 +0.00 121 : 121 

290.0 +0.18 130 125 

300.0 +052 133 132 

310.0 +0.85 138 139 


The agreement between the observed and calculated weights for 
both sexes is as close as could possibly be expected. From this we may 
infer, firstly, that the weights at birth of children born after the normal 
period are identical, within very narrow limits, with the weights which 
they would have attained at that time had they been born at the 
normal period, secondly that the post-natal growth-cycle as determined 
from weighings of infants of from 1 to 9 months of age is continued 
smoothly backwards into the pre-natal curve of growth, and thirdly 
that the post-natal loss of weight which is so general a phenomen is not 
a characteristic of the infantile growth-process itself, but an accident 
attributable to the mechanical and nutritional shock of delivery (see 
also section VII). 

The medical advisers of the various “child welfare leagues” and 
“schools for mothers” in Great Britain appear usually to regard the 
so-called ‘‘Newman Standard”’ as an accurate representation of the 
growth of British infants during the first two years succeeding birth. 
In fact, charts representing this standard are not infrequently found 
displayed in the offices of these organizations or even plotted upon the 
growth-charts of the infants under their care, for purposes of compari- 
son. As Iwas unable to ascertain the source of this standard even after 
inquiry among the officials and medical advisers of these institutions 
in London, I addressed myself directly to Sir George Newman, who 
very kindly replied, referring me to his work on Infant Mortality.®? 
Although charts of the “standard” are supplied in that work, I find, 
that the source of the measurements is nowhere clearly indicated, 
unless indeed it be upon page 303, where the author states “ Dufour’s 
Standard has been used in the Finsbury Depét as in the French 
Depéts, and the charts appearing in the present volume are drawn to 
that scale.” 

Vou. I—31 
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It would seem, therefore, that the standard of infant growth 
employed in England originated in France. Having regard to the 
marked influence of race and environment upon pre-natal growth, 
which I dwelt upon in the preceding section, it appeared to me very 
likely that a French standard would prove untrustworthy when applied 
to the growth of normal British Infants. Moreover, the Newman 
Standard makes no distinction between the sexes, whereas, as the 
above-cited data and many observations upon animals**, 8%, 10°. 120 
show, the growth-curves of the two sexes, even during the first growth- 
cycle, differ from one another very considerably. That marked dis- 
crepancies exist between the actual weights of British Infants and the 
Newman Standard weights has been pointed out by Pooler.'° 

In order, therefore, to construct this portion of the growth-curve 
of the inhabitants of Great Britain, it appeared necessary to obtain 
fresh estimates of the average weights of children at monthly intervals 
during the first year succeeding birth. Accordingly, in the spring of 
1914, I addressed myself to the medical advisers and other officials 
of the various child-welfare institutions in London, Leeds, and Bristol 
and through their courtesy, obtained accesss, to the very extensive 
data collected by these institutions during the execution of their 
activities. The data herein reported were obtained from the records 
of the Pimlico Road and Golden Square branches of the Westminster 
Health Society and the Chelsea Health Society in London and from 
the Leeds Babies Welcome. The data obtained from other cities 
proved too fragmentary to be utilized in statistical studies of this 
type. 
In the case of the London institutions mentioned, I was given the 
opportunity of personally inspecting the methods employed in weighing 
and examining the children and in keeping their records. In certain 
institutions which I visited, no records of sex were kept. Therefore, 
their data could not be utilized. Other institutions weighed the 
infants only approximately. These data were likewise rejected. In 
the institutions mentioned, however, the sex of the infant is indicated 
upon the record, and the weights are recorded to the nearest ounce 
avoirdupois. The infants were voluntarily brought by their mothers 
to the offices, where a medical advisor, nurses, or other trained officials 
were in attendance. At each visit the weight and condition of the 
child were noted. The weights of all infants reported to be suffering 
from measles, whooping cough, chicken-pox, scarlet fever, diphtheria, 
pneumonia, bronchitis (unless specifically noted as “slight’’), and 
marasmus were excluded on and succeeding the date upon which the 
condition was first noted. Data concerning twins and malformed 
children were likewise excluded. Furthermore, only children stated 
to be of British parentage on both sides and wholly or partially breast- 
fed were accepted as sources of data. The data reported are exclu- 
sively ante-bellum and were for the most part derived from records 
taken in the years 1911-1914. 

The application of the autocatalysis formula to these data showed 


. 
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that the first nine months of the growth-curve of British male infants 
may be represented by the equation: 


t, as before, being measured in months of thirty days each and x in 
ounces avoirdupois. Inserting the observed valued of ¢ in this formula 
and computing therefrom the corresponding values. of x, we obtain 
a series of “calculated” weights corresponding to the various ages. In 
the accompanying table the observed and calculated values are 
compared, the “Newman Standard” weights being included in the 
fourth column. 


TABLE 24.—WeEIGHT IN OuNcES oF BriTIsH MALES 


Weight in ounces 
Age in months = Newman Standard 
Observed Calculated 
1 147 148 123 
2 169 171 142 
3 194 194 161 
4 219 216 180 
5 234 235 204 
6 252 252 228 
a 269 266 244 
8 276 277 255 
9 283 287 268 
10 300 293 282 
11 303 300 295 
12 314 304 308 


The equation representing the infantile growth-curve of British 
females proved to be: 


x 
2 4y' Pa 12 
logis 375 —q = 0-106 (t — 1.54) (12) 


the comparison of theory and observation follows: 

The agreement between the formula and the observations is all 
that could be desired. Such close agreement, in fact, has seldom been 
equalled amidst the glass ware of laboratories. The probable reasons 
for this,surprisingly exact conformity to formulated values are to be 
sought in the excellent conditions of thermostasis, constancy of osmotic 
conditions, ete., under which reactions in living tissues take place and 
also in the statistical methods employed in obtaining the individual 
observations, which automatically exclude individual and accidental 
deviations from the average by mutual cancellation. 

It will now be observed in passing that the Newman Standard 
weights are considerably too low even for the female infants. 
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TABLE 25.—WeEIGHT IN OuNCES OF BRITISH FEMALES 


Weight in ounces 
Age in months : Newman Standard 
Observed Calculated 
1 143 146 123 
2 160 165 142 
3 180 184 161 
4 202 202 180 
5 218 218 204 
6 235 233 228 
7 253 247 244 
8 258 259 255 
9 265 269 268 
10 273 Dit 282 
11 288 284 295 
12 288 290 308 


The foregoing data may be compared with those obtained by 
Schmidt-Monnard!*> for the growth of 1500 breast-fed infants in 
Frankfurt. The autocatalysis equation for the infantile growth- 
cycle in males (data for the first nine months only being employed in ° 
the computation of the constants) proves in this case to be: 


= 0.142(t — 2.65) (13) 


lor ee 
10 314.6 —2 


' In the following table the observed and calculated weights are 
compared: 


TaBLE 26.—WEIGHT IN OuNCES or SouTH GERMAN MALES 
Se a a a ee ee 


Average weight in ounces 


Age in months 
Observed Calculated © 
1 122 116 
2 145 141 
3 171 167 
4 200 192 
5 207 215 
6 240 236 
¥. 248 254 
8 251 268 
9 267 279 
10 293 288 
11 297 295 
12 303 300 


eee 
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The equation for females is found to be: 


logio = 0.156 (t — 2.25) (14) 


oe 
290.0 — 


In the following table the sasha and calculated weights of the 
female infants are compared: 


Taste 27.—WeIcuT in Ounces or South GeRMAN FEMALES 


Average weight in ounces 
Age in months 
Observed Calculated 

1 114 113 

2 141 138 

3 169 164 

4 191 189 

5 207 211 

6 227 230 

re 242 245 

8 245 ; 257 

9 261 266 
10 266 273 
11 268 278. 
12 274 282 


Here the agreement between theory and observation is not quite 
so exact as in the case of the British infants, possibly because the 
criteria of normality applied to the infants from which the data were 
obtained were not so rigid. The agreement is, however, of a very 
satisfactory order, and it is evident, from the three groups of infants 
which we have reviewed that the curve of autocatalysis does faithfully 
_Tepresent, in all its essential features, the first year of extra-uterine 
“and the late months of intra-uterine growth. 

Influence of Race and Environment.—A comparison of the eau 
enumerated in Tables 20 and 21 on p. 479 shows that the initial 
superiority in weight of British Infants born in Australa over British 
infants born in England is maintained throughout the first twelve 
months of extra-uterine growth. The origin of this superiority lies 
primarily in the fact that A, the constant expressing the maximal 
growth attainable by the cycle, is larger for Australian than for English 
infants. 

Reverting to the analogy with bacterial multiplication, which was 
dwelt upon in the introductory portion of this chapter, we see that A 
is expressive of or proportional to the total mass of available nutrition, 
the “nutritional level,’ in other words, of the environment. For 
while it is true that the prime factor in inducing stoppage of growth in 
any cycle is the accumulation of the products of the process rather 
than the exhaustion of the materials for its continuance, yet, (as refer- 
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ence to equations 5 and 7 shows) the ultimate growth attainable 
in any cycle is nevertheless proportional to the totality of available 
foodstuffs. In the mammals this corresponds to the concentration 
of nutritive materials constantly maintained by the activity of the 
digestive organs in the blood and tissue-fluids, a concentration, which, 
under given environmental conditions, may be assumed to be approxi- 
mately and in the long run constant. The probable mechanism which 
maintains this constancy of the available nutritional materials in the 
tissue fluids is indicated by the investigations of Van Slyket®? and 
others, who have shown that the proportion of free amino-acid-groups 
unutilized by the tissues and stored as a reserve is characteristic of 
each tissue and maintained at a relatively constant level, notwith- 
standing the diversity of material absorbed from the digestive tract. 
That a similar equilibrium between tissues and tissue-fluids is also 
maintained for the carbohydrates is shown by the relative constancy, 
under normal conditions, of the blood-sugar content and by the. fact 
that when the blood is robbed of sugar, as in Phloridizin glycosuria, 
the tissues immediately yield up sugar to the blood in the effort to 
maintain the normal equilibrium. 

The value of A in the growth-equation, therefore, must be primarily * 
determined by the average concentration of nutritional materials 
available for the growth or repair of cells. We should expect to find, 
therefore, that A is dependent to a large extent upon nutritional and 
other conditions constituting the environment of the growing animal. 

The reverse is the case with the constant k (see equation 2, page 450), 
which is the specific velocity constant of the growth-process itself, 
2.€., expressive of the velocity of transformation of unit mass of nutri- 
tional materials into tissue substance. This parameter of the 
growth-curve is internal rather than external in character and is 
expressive of the intimate nature of the growth-process itself, indepen- 
dently of the nutritional level of the tissues. We should expect to 


7 


find, therefore, that the constant k= = is dependent upon sex or” 


race but not upon environmental factors. 

In the following table the values of A and k for British Infants 
born in England and Australia and for South German infants are 
compared: 


TaBLE 28.—CoMPaRISON OF THE EFFECTS oF RACE AND ENVIRONMENT UPON 


THE PARAMETERS OF THE GROWTH-CURVE 
a a ne 


Males Females 
l 
A be TOS. A k X 108 
British (born in England).... 318.0 399 312 340 
British (born in Australia). . . 341.5 398 350 317 
Howth, German... o.0s sees 315.0 451 290 537 


a 


THE PHYSICAL MANIFESTATIONS OF GROWTH A87 


It will be seen that the parameters are affected in the sense indi- 
cated by our theory by the factors of sex, race, and environment. 
While the value of A is not greatly affected by sex or by dissimilarity 
of race, since values obtained in the similar environments of Frankfurt 
and London are very similar, it is greatly affected by dissimilarities in 
environment, as a comparison of the values of A in Australia and in 
Europe shows. On the other hand, k is comparatively unaffected by 
environment, being practically identical for British males, whether 
born in Australia or in England, and very nearly the same for British 
females born in these two environments; whereas it is profoundly 
affected in magnitude by sex and race, as indicated by the marked 
difference in the values of k for males and females and for South- 
German as compared with British infants. 

When it is remembered that these parameters are not calculated 
arbitrarily, but are computed by the method of least squares from all 
of the observations and therefore partake in some measure in the errors 
incident to the observations, it will be admitted, I think, that the above 
data afford a very striking confirmation of the correctness of the view 
that growth is determined by an underlying autocatalyzed chemical 
process. It is furthermore clear that the form of the curve of growth 
in infants is determined by two separate factors; the one, analogous to 
the absolute mass of reacting substances in a chemical reaction, being 
dependent upon environment and probably upon the abundance or 
deficiency of the habitual dietary; while the other, analogous to the 
specific velocity of a chemical reaction, is relatively, if not absolutely, 
independent of environmental or nutritional conditions, and, being 
expressive of the nature of the growth-process itself as distinguished 
from the availability of the materials for growth, is distinctively 
modified by race and sex. 

Criteria of Normality.—The intimate dependence of the growth of 
normal infants upon environment, race, and sex at once reveals the 
fact that there is no single standard of infantile development which 
will be applicable to the average infant of either sex, of differing racial 
stock or to varying environmental conditions. It is clear that a 
growth-standard, even if it be regarded as applicable only to the aver- 
age normal and not to individual normals, who deviate widely from 
the average, must be constructed with regard to the sex, race, and 
environment of the infants under consideration. It is evident, there- 
fore, that a French standard can give us very little reliable information 
concerning the super- or subnormality of the British infant in compari- 
son with the average; while a British standard would be of equally 
little value when applied to infants of Russian, Jewish, or Italian 
descent in New York. In America, especially, the problem of con- 
structing a reliable standard average curve for the growth of infants 
is greatly complicated by the variety of racial types which may present 
themselves for advice or treatment at milk-depots or clinics. 

In practice, however, we really need something more serviceable 
than an average standard growth-curve, even though it be only 
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adapted to the sex, race, and environment of the individual infant. 
As a matter of fact, it will at once be admitted by all who are engaged 
in practical work with infants that comparison of the growth-curve of 
an individual infant with a standard average curve yields little infor- 
mation of immediate practical utility that we could not derive from 
an examination of the individual curve alone. This is because we 
recognize that the variability of the growth of infants is so great, that 
perfectly normal children of like sex and race, growing under nearly 
identical environmental conditions, may differ widely and in opposite 
directions from the average normal standard. We clearly recognize 
in practice that a general ‘‘build”’ of healthy infants varies in fact, 
even more than the general build and weight of healthy adults. 

The criterion of normality or abnormality upon which we rely in 
practice is in reality the form of the individual growth-curve rather 
than its deviation from any standard average. Provided the weight 
of the infant at birth is not excessively super- or sub-normal, we are 
satisfied if its curve of growth presents an even sweep of increments 
and is, on the whole evenly parallel with the normal standard. 

There is, however, a tendency to be satisfied with a supernormality 
of weight which may be of negligible importance when compared with 
the standard average, but which, compared with the growth-level 
or ‘“‘build”’ or the infant itself, may be just as ominous of impending 
disaster as a proportionate subnormality of an infant whose personal 
“build” is above the average.1°7 

The growth-curve of apparently perfectly normal children, how- 
ever, rarely takes place in one even sweep. As I have pointed out 
in the introductory part of this chapter, the curve of any individual 
child will usually show more or less marked irregular fluctuations, 
which are clearly departures from the autocatalytic curve representing 
the average growth of a large number of individuals. When such 
fluctuations are excessive, they are indicative of faulty physiological 
conditions, but, on the other hand, if we were to regard all such 
individual fluctuations as abnormalities, there would be hardly 
any infant who could be regarded as “normal.’’ Evidently then, 
the problem of normality is quantitative rather than qualitative, 
so that what we need for practical guidance in individual cases is 
some measure of the limit of deviation from parallelism with the 
autocatalytic curve which may safely be regarded as normal. Such 
a measure of permissible individual deviation can be obtained by a 
study of the variability of the weights of normal infants at several 
periods of their development. 

In any fortuitously selected group of animals or human beings, 
the individuals comprising the group will be found to vary in greater 
or lesser degree from the type or average which the group collec- 
tively represents. When a large proportion of the individuals com- 
prising the group differ from the average to a considerable degree, 
we say that the group or type is highly variable, while on the other 
hand, when but few of the individuals comprising the group depart 
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widely from the average, we consider the group or type to be but 
slightly variable. 

The measure of variability which is commonly employed by 
Statisticians is the percentage ratio of the “standard deviation” of 
the quantities measured to their average value (25, 81). The “stand- 
ard deviation” is the square root of the mean square of the deviations 
of the individual measurements from the average. For example, 
if five measurements should yield the values 3, 4, 5, 6 and_¥, the 
average value would be 5, the ‘‘standard deviation” would be 

(oe 17 124 92 
5 


= 1.414, 


and the variability would be 

1.414 

PRE xX 100 = 28 per cent. 
If, again, five other measurements should yield the values 13, 14, 
15, 16, and 17, the “standard deviation” would be 1.414 as before, 
while the variability would be aa = 
the measurements should yield the values 108, 104, 105, 106 and 
107, the variability would be 1.35 per cent. In the first case, 
the objects measured are evidently very variable; in the second 
they are moderately variable; while in the third example they 
are only slightly variable. We have translated into quantitative 
terms the impression to which a comparison of the three sets of figures 
at once gives rise, but which, in the absence of some principle of 
precise computation, remains an impression and nothing more. 

The “variability” of a quantity determined in this way is almost 
exactly the deviation from the average which one-third of the measure- 
ments display. 

I have determined the variabilities at birth and during the first 
twelve months of extra-uterine growth of the weights of British 
infants, with the following results: 

Taste 29.—VarraBitity or BririsH INFANTS 


a Le ee 
by? Percentage variability of weight 


x 100 = 9 per cent. If, again, 


Age in months Aiaios ste 

0 13.2 12.5 

1 17.0 14.4 

2 16.4 15.0 

3 15.8 15.6 

; 4 15.9 15.0 
5 14:7 14.5 

6 15.1 13.4 

7 14.9 14.6 

8 13.1 14.0 

9 13.8 14.0 

10 13.4 L2G 

11 15.3 12.5 

12 12.6 Tso 
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There is a general tendency for variability of weight to increase 
with increasing velocity of growth and to decrease with eee 
velocity of growth!2°, 126, 127, 151 SO that any given group s 
infants above the average in weight will generally be found to be 
more variable in weight than the average, while subnormal infants are 


Ro 


8 Ja 46 20: % 2g 32 3 40 44 48 
Fie. 191.—Growth-chart for male infants. 


less variable than the average. On the whole, however, we may infer 
from the above table that the weights of two-thirds of British infants 
will at any time during the first twelve months of extra-uterine growth 
lie within 14 per cent. of those indicated by the standard average curve. 
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If, therefore, we construct a series of parallel curves, each of which 
differs by 14 per cent. from the adjacent curves, we may safely 
infer that the growth curve of any individual normal infant should never 
cut two of these parallel curves, or at least, that such a phenomenon 


2B 


2 


a 


19 


[CEOS EG EE I FOE TS POE TE RE | alae Oe! SE Rae: 
Fig. 192.—Growth-chart for female infants. 


should immediately attract attention and arouse suspicion of abnormal 


i i iti iti he accompanying figures 
hysiological or nutritional conditions. * In t 
Ee tlasigated growth charts of this type for males and females, based 


i i hat such conditions may be pre- 
*It is, perhaps, unnecessary to point out t 
natal, so that ane weteiny of two curves during the first few months after birth may, 
in such cases, merely represent restoration of “normal” equilibrium. 
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upon the average curve for the growth of British Infants. In order to 
illustrate the method of employing these charts, the growth curve of a. 
normal infant weighed at weekly intervals is plotted upon the chart 
for males. It will be observed that although the growth-curve of this. 
infant displayed considerable fluctuations from the “normal” auto- 
catalytic curve, yet these fluctuations were never of sufficient magnitude 
to lead to the intersection of two of the parallel standard curves: 
thus, there was never any serious doubt of the approximate normality 
of this child’s development. By the use of a chart of this description, 
we make allowance in a logical manner for the normal individuality 
of ‘build,’ while at the same time we are enabled with a sufficient. 
degree of precision to distinguish fluctuations of development which 
are probably devoid of practical significance from those which are 
almost certainly indicative of conditions deleterious to the development 
of the child. 

The Post-natal Loss of Weight in Infants and the Compensatory 
Over-growth Which Succeeds It.—It is a familiar fact that for a 
variable period, which in normal cases does not exceed one week, the 
majority of infants lose weight after birth. This is a phenomenon 
which is very generally observed after the birth of animals.1°?, 109, 110 
In the case of man it is usually attributed to the fact that for the first. 
few days succeeding birth the child receives little or no nutriment.*®. 1°8 
That this is probably not the only factor involved, however, is shown 
in the first place, by the fact that the post-natal loss of weight. 
is usually much greater when the child is excessively large!®® and 
in the second that such loss occurs even in young guinea-pigs, which 
are born in such an adult condition that they are capable of feeding: 
themselves entirely by the fourth day after birth. Itmust beadmitted, 
however, that the power of these animals to nourish themselves at 
such an early date assists them to overcome a large part of the post-. 
natal retardation of growth, for the retardation is relatively slight in 
guinea-pigs and frequently leads to an actual loss of weight only in the 
male.®9: 109, 110 

I have computed the average weights at birth and at one week 
after birth of a number of infants born at the end of determined periods 
of gestation at “‘The Queens Home” in Adelaide, South Australia.°+ 
The infants born in this institution are fed by the mother, when 
this is feasible, six hours after birth, and every four hours thereafter. 
If the mother’s milk is insufficient a little water or milk diluted to. 
one-fourth is given. 

The following tables exhibit the relationship between the post-natal 
loss of weight at the end of the first week and the length of tho period 
of gestation, which is estimated from the onset of the last menstruation. 
Those cases are excluded in which the infant weighed less at birth than 
the average weight of infants born thirty days previously, or more than 
the average of infants born thirty days later.1'® Periods lying 
between 265 and 275 days in length are recorded as periods of 270: 
days, and so forth; periods falling upon the limiting date separating: 
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two classes (e.g., 275, days) are included in both classes (e.g., the 270 
and 280 day classes.) 


TaBLE 30.—MateEs 


Penta oibitestaticn Average weight in Average weight of Average loss (—) 
Siideys ounces at one same infants at or gain (+) of : 
week after birth birth weight in ounces 
260 106 109 —3 
270 | 114 119 —5 
280 119 125 —6 
290 137 141 —4 


—_—_—EESSSSSSSSSSSSSMSsss 


TABLE 31.—FEMALES 


Period GF westation | Average weight in Average weight of Average loss (—) 
Sp eee ounces at one same infants at or gain (+) of 
: week after birth birth weight in ounces 
260 98 97 ciel 
270 110 110 +0 
280 118 119 —1 
290 119 125 —6 
300 119 122 —3 
310 127 132 —§ 


It will be seen that these data display no very clear correlation 
between the magnitude of the post-natal loss of weight and the length 
of the period of gestation preceding birth, although there appears to 
be a certain tendency for infants born at the later periods of gestation 
to lose more heavily than those born after the briefer periods. This, as 
we shall see, is attributable to the fact that the infants born at the later 
periods are heavier and therefore larger than the infants born at the 
earlier periods. 

The following tables exhibit the relationship between the post-natal 
loss of weight and the weight of the infant at birth, all infants weighing, 
for example, between 115 and 125 ounces at birth being regarded as 
having weighed 120 ounces at birth. Infants of which the weight at 
birth fell upon a limiting weight separating two weight-classes (e.g., 
115 ounces) being included in both classes (e.g., the 110 ounce and 120 
ounce classes). 

It will be seen that there is a very clear correlation between the 
magnitude of the post-natal loss of weight and the weight (and, there- 
fore, presumably the size) of the infant at birth. The infants weighing 
over 130 ounces at birth suffer especially, while infants weighing less 
than 110 ounces at birth, so far from losing weight during the first 


494 GROWTH AND DEVELOPMENT 


week after birth, frequently gain considerably. From this it would 
appear legitimate to infer that mechanical shock during delivery is an 
important factor in determining the post-natal loss of weight. 


TaBLE 32.—MALES 
ee 


; j Weight at one week Loss (—) or gain (+) 
Weight at birth in ounces tier bie a ee 

80 91 +11 

90 86 —4 
100 104 +4 
110 108 —2 
120 , pi by ° =—3 
130 128 —2 
140 132 —8 
150 “144 —6 
160 150 —10 
170 160 ; —10 


TABLE 33.—FEMALES 


Weight at birth in ounces ae Teak og ae 

80 77 —3 

90 | 94 +4 
100 105 +5 
110 108 —2 
120 118 —2 
130 125 —5 
140 129 —I11 
150 138 —12 


The average weight after birth of all the male infants (= 57) born 
after periods of gestation lying between 245 and 325 days was 121.4 
ounces; the average weight of South Australian male infants at birth 
(93) is 127.3 ounces. Hence, the average observed loss of weight dur- 
ing the first week after birth of South Australian male infants is 5.9 
ounces, or 4.6 per cent. of their weight at birth. 

The average weight at one week after birth of all the female infants 
(= 79) born after periods of gestation lying between 235 and 325 days 
was 115.0 ounces; the average weight of South Australian female 
infants at birth is 121.2 ounces. Hence the average observed loss of 
weight during the first week after birth of South Australian female 
infants is 6.2 ounces, or 5.4 per cent. of their weight at birth. 

From these figures it would appear that the growth of female infants 
is more retarded by birth than that of male infants. That this is not 
really the case, however, is shown by the following considerations: 
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It must be recollected that the above figures do not represent the 
whole of the loss of weight due to birth. At the time of birth the infant 
is growing rapidly, so that if it were not for the nutritional and mechan- 
ical shock of birth, the infant would increase considerably in weight 
during the first week of post-natal life. The observed loss of weight 
is, therefore, not the actual loss of weight. What this actual loss 
amounts to may be estimated to within a very close approximation 
by the following method: 

I have shown above that the latter part of the prenatal and the 
first 9 months of the post-natal growth of South Australian male 
infants, may be represented very accurately by the formula: 

x 
Baye Sig ot 0.136 (¢— .166) 
where z is the weight of the infant and ¢ is the time, measured in months 
of 30 days, which has elapsed since birth. Now at one week t = 749 = 
0.23. Hence by putting t = 0.23 in the above formula, we can esti- 
mate what South Australian male infants would weigh at one week 
after birth if it were not for the retardation of growth and loss of weight 
due to birth. In this way, we find that at one week after birth South 
Australian males should weigh 133.1 ounces. They actually do 
weigh, 121.4 ounces as we have seen. The actual loss due to the nutri- 
tional and mechanical shock of birth is therefore 11.7 ounces or 9.2 
per cent. of the weight at birth. 

The formula which similarly represents the growth of South Aus- 
tralian female infants is: 


x 


logio 


and from it we find that at one week after birth South Australian 
females should weigh 126.2 ounces. They actually do weigh 115.0 
ounces. The actual loss due to birth is therefore 11.2 ounces, which is 
9.2 per cent. of the weight at birth. Hence male and female infants | 
suffer very nearly equal retardation of growth as a result of the nutri- 
tional and mechanical shock of birth. 

Since heavy infants suffer a greater post-natal loss of weight than 
light infants and therefore tend to approximate them more closely 
in weight, we should expect the variability in weight of infants to 
decrease during the first week succeeding birth. This could only 
be the case, however, if the variability of the loss itself were equal to, 
less than, or not greatly in excess of the variability in weight of the 
infants, for otherwise a very highly variable effect of the shock of birth 
might conceivably lead to an increase in the variability of the infants. 

As I have shown in the preceding section the variability of 
South Australian male infants at birth is 14.3 per cent. I find that 
the variability of South Australian male infants at one week after 
birth is 14.7 per cent. The variability of South Australian female 
infants at birth is 14.5 per cent. while at one week it is only 11.9 


per cent. 
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It is evident that, in accordance with anticipation, the post-natal 
loss of weight is accompanied by a decrease in the variability of the 
weight of female infants. In male infants, however, a slight increase 
in variability accompanies the post-natal loss of weight. Evidently, 
therefore, the variability of the effect of birth upon males ts considerably ; 
_ greater than the variability of its effect upon females. The greater 
variability of the effect of adverse influences upon male infants is 
in all probability correlated with the very much greater infantile 
mortality which prevails among males than among females,* since a 
greater variability of effect implies a more frequent overstepping of 
physiological limits. 

During the second week of post-natal life there is a marked gain 
in weight, which not only makes good the loss of weight during the 
first week but considerably exceeds it. The average weight at two 
weeks after birth of all of the male infants (=203) born after periods 
of gestation lying between 245 and 325 days was 130.6 ounces; hence 
(of above) the average gain over the weight at birth at the end of 
two weeks of post-natal life is 3.3 ounces. The average weight at 
two weeks after birth of all of the female infants (=233) born after 
periods of gestation lying between 235 and 325 days was 124.2 ounces, 
the average gain over the weight at birth being 3.1 ounces. 

These gains, however, although they more than serve to make up 
the observed losses of weight due to birth, do not entirely compensate 
for the actual loss (¢.e., the observed loss plus the gain in weight which 
the infant would have displayed had it not been for the retardation 
due to growth). This may be shown by putting ¢ = 0.47(=two weeks) 
in the above formule and computing with their aid the weights 
which the infants should display at two weeks after birth. In this 
way we find that at two weeks after birth, South Australian male 
infants should weigh 139.3 ounces, whereas they actually do weigh 
130.6 ounces. Hence, the retardation of growth due to birth, after 
two weeks of extra-uterine growth, amounts to 8.7 ounces, or 6.8 per 
cent. of the weight at birth. Similarly, we find that at two weeks 
after birth South Australian female infants should weigh 131.2 ounces, 
whereas they actually do weigh 124.2 ounces. Hence the retardation 
of growth due to birth after two weeks of extra-uterine growth is 
7.0 ounces or 5.8 per cent. of the weight at birth. Although the gain 
in weight during the second week of extra-uterine life in not sufficient 
to make up entirely the loss due to birth, it will be noted that it 
partially does so, for in male children the loss of weight due to birth’ 
is 11.7 ounces at one week and only 8.7 ounces at two weeks. In 
other words, the effect of birth does not result in a permanent sub- ’ 
normality in the weight of the infant, because the loss of weight is 
made up by a compensatory overgrowth (i.e., growth in excess of the} 
normal increment corresponding to the given age and period) which 

* According to the Commonwealth Statistician’s Official Year Book for 1914, 


pp. 145 and 172, the ratio of the male to the female death rate in Australia for 
deaths occurring less than one week after birth is 139 to 100. 
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amounts to 3.0 ounces in male children during the second week. 
This compensatory overgrowth is even more pronounced in females, 
amounting to no less than 4.2 ounces during the second week of extra- 
uterine life. Evidently females recover more rapidly than males © 
from the inhibitive effects of birth upon their growth, a fact which 
is doubtless correlated with the greater tolerance of adverse conditions 
and the lesser variability of the post-natal loss which female infants 
display. 

The compensatory acceleration of growth during the second week 
may be shown in another way. From Equation (10) it may readily 
be computed that between the end of the first and the end of the second 
weeks of extra-uterine life the increment of weight in males, should 
be 6.2 ounces if their growth proceeded at the normal velocity indicated 
by preceding and succeeding weights. The observed increment, 
however, is no less than 9.2 ounces. Similarly, the increment during 
the second week in females which should be 5.0 ounces, is actually 
9.2 ounces. Evidently the rate of growth in males is accelerated 
48 per cent. and that of females no less than 84 per cent. 

By the end of the first month of extra-uterine life this compensatory 
process has entirely made good the loss of weight due to birth so that 
at one month the observed weight of male infants is ‘‘normal,”’ that 
is to say, it lies exactly upon the continuous curved line which represents 
preceding and succeeding growth. In the case of South Australian 
female infants, there would even appear to be an over-compensation, 
since the observed mean weight at one month is decidedly ‘‘super- 
normal.”’ 

From these facts it would appear that the normal weight of a 
growing organism at any given age represents a true dynamic equi- 
librium, any disturbance of which is rectified by internal regulation, 
just as a gyroscope restores equilibrium to a mass which has been dis- 
placed from its “normal” position through the action of an external 
force. If the induced displacement be too great, the inertia of the 
gyroscope may be insufficient to restore the mass to its original 
position; so analogously we may infer that if the induced sub- or super- 
normality of the weight of an organism, induced by the action of an 
adverse environment, exceeds a certain ‘physiological limit,’ the 
internal regulatory processes may be impotent to retrieve the damage 
to the economy of the organism. 

The analogy to the gyroscope or to a pendulum extends even 
further. Wemay very frequently observe that a marked deviation from 
the normal form of the growth-curve of an infant is followed, not merely 
by a single compensatory acceleration or retardation bringing the 
curve back to normal, but- by over-compensation followed by recom- 
pensation. This action may be repeated several times so that the 
erowth-curve displays a series of oscillations of diminishing amplitude 
which succeed and are a remote consequence of the initial disturbance. 
This tendency, which is very well displayed in the growth-curve 

Vou. I—32 
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depicted in Fig. 3, is exhibited in some measure in the majority of the 
growth curves of individual infants.* 

This “internal regulation” of the process of tissue growth is also 
very well illustrated by the phenomena of tissue-regeneration, whether 
following a wound when the neighboring tissues are especially stimu- 
lated to growth or following a more generally dispersed loss of tissue- 
material as in the marked nitrogen-retention following the wasting of 
fever or of starvation. The remarkable acceleration of tissue-accretion 
which occurs when a full diet is restored after an organism has under- 
gone partial starvation is very well illustrated by the following 
experiment: + 

Eight young white mice, varying in age between 52 and 123 days, 
which had hitherto been permitted free access to food and water, 
were found to weigh an average of 19.0 grams. They were then 
deprived of food for 27 hours and of water for the last four hours of 
this period. When they were weighed again their average weight was 
found to be only 15.3 grams. The loss due to 27 hours of starvation 
. was therefore 3.7 grams or 20 per cent. of their original weight. They 
were then given free access to rolled barley, dried bread, and water. 
One hour later they were weighed again, and it was found that one- 
fourth (25 per cent.) of the above loss had already been made good; this 
represents, doubtless, the weight of the contents of the alimentary 
canal after a full meal. After 21 hours, no less than 87 per cent. of the 
loss had been made good, the average weight being now 18.5 grams. 
Had this rate of increment been continued these mice, already two- 
thirds grown, would have doubled their weight in five or six days. 

The phenomenon of internal compensation is, of course, in entire 
harmony with the view that the growth of an organism is regulated by 
and is the expression of a series of underlying chemical reactions which 
are of such a nature that they produce their own catalyzers. 

The specific velocity of the reverse reaction (tissue-degradation) 
is of comparable magnitude with that of the forward reaction so that 
the relative constancy of the weight ultimately attained in any cycle 
is determined by the attainment of equality of velocity by the two 
opposing reactions. Removal of the products (7.e., of tissue materials) 
favors the forward by retarding the reverse reaction, and so, vice 
versa, an over-accumulation of products tends automatically to 
restore normality by the acceleration of tissue-degradation which is 
its consequence. 

The variability of the weight of South Australian male infants at 
two weeks of age is 14.0 per cent., while that of females is 14.3 per cent. 
Evidently the extent of the compensatory over-growth is just as. 
variable in both sexes as is the weight at birth, 7.e., as the preceding 
“normal” growth. Hence the diminished variability of female infants, 
which results from the post-natal loss of weight during the first week, 


* Cf., for example, the various growth-curves reproduced by Budin.16 
t Cf. also, Schapiro (119) and Osborne and Mendel.95 
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is lost during the succeeding week owing to the variability of the 
normal and compensatory increments during that period. 


THE SECOND, OR JUVENILE, AND THIRD OR ADOLESCENT GROWTH CYCLES 


Time-relations.—Data concerning the earlier portions of the Juve- 
nile growth-cycle (second to ninth year inclusive) are, extremely scanty, 
since it is precisely from the second to the sixth years that huinan 
material becomes most inaccessible to systematic observation. Forthis 
reason, we are very seriously hampered in the quantitative evaluation 
of the parameters which would define the curves of autocatalysis 
representing the Juvenile and Adolescent cycles and are compelled to 
resort to more or less inaccurate approximations.!!2 These two 
cycles, furthermore, are far less sharply demarcated from one another 
than the Infantile and Juvenile cycles. Their extremities fuse to some 
extent, so that growth during the 8th, 9th, 10th and 11th years, at 
least, is in part attributable to the latter portions of the Juvenile 
cycle and in part to the earlier portions of the Adolescent. Hence, 
although growth at this period is appreciably slower than it is during 
the preceding and immediately succeeding years, no pronounced 
“plateau” in the growth-curve is observed which is at all comparable 
with that occurring towards the end of the first year of extra-uterine 
development. Under these circumstances, the calculation of the 
parameters of the autocatalytic curves, which would quantitatively 
define the extent of growth at any given period, is attended by mathe- 
matical difficulties which it would be unprofitable to discuss in the 
present connection. 

A great variety and abundance of data relative to the growth of 
children from school age onward, have been collected and statistically 
summarized in every civilized country. In England and America 
unfortunately, the figures thus accumulated and recorded include, as a 
rule, the weight of the clothing—a factor of very uncertain magnitude 
which must undoubtedly vary with age, sex, the economic status of the 
parents, and the climatic conditions under which the measurements — 
were made. Under present conditions, however, it is difficult to see 
how in English speaking countries any very extensive data can be 
collected which are not subject to this disqualification. Schmidt- 
Monnard!** allows from 6 to 8 per cent. of the observed weights 
for the clothing, while, in America, Bowditch considers that the 
clothing constitutes 8 per cent. of the observed weights. 


: 
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The following are representative Anglo-American data.* ** £4 tO 


TABLE 33.—GrowrH or BRITISH AND AMERICAN CHILDREN 
ee 


American British 
Holt (New York) ? 
. mene eeiich Porter (St. Louis) Anthropo mates Board of Health 
| Age Last (Massachusetts) eae ee Bd 
Birthday | 
Males Females Males Females Males Females Males Females 
Pounds Avoirdupois | Pounds Avoirdupois | Pounds Avoirdupois | Pounds Avoirdupois 
2 27.0, 26.0 
3 32.0 SLO Eye anh saratee 34.0 31.6 32.9 op law f 
4 36.0 9570. UN Peele Se. SO e apt 37.3 36.1 35.8 35.0 
5 41.2 cP: eae eR PUR | A te 39.9 39.2 38.7 3777 
6 45.1 43.8 43.2 41.3 44,4 41.7 42.2 41.2 
it 49.5 48.0 47.7 45.8 49.7 47.5 46.4 44.9 
8 54.5 52.9 52.6 50.0 54.9 52.1 52:0 49.6 
9 60.0 57.5 57.4 55.1 60.4 55.5 55.9 54.1 
10 66.6 64.1 62.7 60.3 i (Oy 3H 62.0 60.4 58.7 
11 72.4 70.3 68.8 65.8 72.0 68.1 66. 4 65.5 
12 79.8 81.4 73.6 73.0 (Aomy d 76.4 2.7 73.9 
13 88.3 91.2 79.1 84.2 82.6 87.2 77.4 80.4 
14 99.3 100.3 88.7 94.9 92.0 96.7 84.0 88.1 
15 110.8 108.4 103.9 103.2 102.7 106.3 94.1 96.2 
16 123.7 113.0 114.6 110.1 119.0 113.1 
17 eee eS, en eee ene (eer 130.9 115.5 
TS SOP Agere lhe Merete! Ayer ean, Sheth net yore 137.4 121.1 
POM ALPE ety teatineiras Ry hse 2a wk elley ree 139.6 123.8 
20: Daum ne fertercteis GIL: starts ee one 143.3 123.4 


The difference between the averages given by Bowditch and those 
computed by Porter is probably to be sought in the differences of racial 
stock from which the children sprang. That between the British 
Anthropometric Committee’s Report and the Report of the Board of 
Health is to be sought in the fact that the Anthropometric Committee 
_ obtained a large proportion of its data from measurements of children 

.of the professional or relatively well-to-do classes while the Board of 
Health’s figures refer to the scholars attending the board-schools, etc., 
1.e., children of the relatively poorer classes. 


The following are representative data from other countries: 
64, 101, 154, 18, 76 
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TaBLE 34.—GROWTH OF CHILDREN OF VARIOUS RACES 


French (Pari 
Swedish (Key) wesisiies (Peal Madiet & : Philippino Japanese 
ani; Turin) Chaumet) (Bobbit) (Miwa) 
Age : : 3 Ale 4 
last ! 
inthe Males | Females| Males | Females} Males | Females} Males | Females| Males Females 
day 
Pounds Avoir- Pounds Avoir- Pounds Avoir- Pounds Avoir- Pounds Avoir- 
dupois dupois dupois dupois dupois 
Sl a ee ‘bgerawes teers DSH ROB NRO teehee cece MRE 
2) eae een | el a, 25.8 ebsik. IL cierarate™ IP ecere aces illecs erates Mall adeeb 
SY [Neg ae ee ee 27.4 24.6 28.9 Barri brs. «axes 30.8 29.5 
* ee IS eel eee ee 29.7 28.9 31.5 BORO RIE sieretttet (dee tesce ore 33.0 ood 
2 oleae Ge acer 33.4 33.1 35. 1 33.4 39.6 bie 36. 1 34,4 
6 ANS Al Bets aioe 36.8 36.2 38.6 38.3 41.4 41.8 37.8 37.0 
7 50.2 47.5 42.6 38.8 41.8 41.8 44.6 44.6 41.8 39.4 
8 57.8 55,1 45.7 hg 46.6 46.8 47.0 50.3 44.6 43.1 
9 64.6 59.3 49.4 48.4 §2.4 52.6 50.8 51.2 49.3 48.0 
10 66.7 64.8 54.7 54.3 56.2 58.3 57.0 56.5 51.8 62.5 
11 71.0 70.3 58.6 59.4 61.2 63.8 62, 4 65.6 5710 57.8 
12 76.0 79.0 64.5 | 65.0 66.3 74.6 68.5 73.8 62.1 66.0 
13 83.0 87.0 72.6 76.0 78.7 84.2 “i ae 80.3 T2a6 73.3 
14 93,2 98.6 80.5 84.8 92.2 95.0 91.3 88.1 83.3 85.8 
15 103.0 107.8 | 92.2 96.7 | 102.3 101.6 | 100.0 91.5 92.8 91.0 
16 115.5 113.7 | 102.0 HOO 3 AS Acie We vodsurs 103.6 95.5 100.3 93.8 
17 126.3 120.2 |} 115.9 BOE TOTO Cd eh EL ceate aha 107.8 97.0 109.6 99.3 
18 135.0 124.1 | 118.8 1S AU nF Pode gop Danese 5 111.4 94.0 108. 2 108.6 
19 139.6 126.3 St ole siete Lae. ye ised | 212.0 93.6 112.0 99.5 
20 144.0 T2700 Vena: be a ae he 111.6 111.8 101.6 


It will be observed that in every race there is a brief period slightly 
antedating puberty during which the average weight of girls exceeds 
that of boys.!4 The explanation of this phenomenon les in the 
fact that although the absolute magnitude of the adolescent growth- 
cycle (= A) is less in females than in males, the center, or period of 
maximum growth-velocity of the cycle, occurs sooner in girls than in 
boys.442. The result is that while boys are still growing relatively 


slowly, pausing before entry upon the rapid growth which is character- 


istic of the adolescent period, girls have already embarked upon it 
and temporarily outstrip their brothers in weight, attaining sexual 
maturity somewhat earlier. The adolescent growth of males, however, 
is more extensive in magnitude than that of females, so that soon after 
the adolescent growth-cycle begins males catch up with females and 
outstrip them in weight. Hence, the growth-curves of human males 
and females, in striking contrast to those of the animals hitherto 
most extensively studied,*: 12° intersect one another at two points. 
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The following are representative estimates of stature: 


TABLE 35.—STaTuRE OF BRITISH AND AMERICAN CHILDREN 


ne EEUU yyy yI dt tyIEI ESSE nSnS SSSR 


American British 
Holt (New York & : 
a Bowditch. (Massachu-|_ "0 Topometne Board of Health 
ge last Committee 
birthday setts) 
: Males Females Males Females Males Females 
Inches Inches Inches 
2 o2.0 32.5 33.7 32.3 
3 35.0 35.0 36.8 36.2 36.5 36.0 
4 38.0 38.0 38.5 38.3 38.6 38.4 
5 41.7 41.4 41.0 40.6 40.7 40.4 
6 44.1 43.6 44.0 42.9 42.8 42.5 
7 46.2 45.9 46.0 44.5 45.0 44.8 
8 48.2 48.0 oF 46.6 47.4 46.9 
9 50.1 49.6 49.7 48.7 49.2 48.7 
10 §2.2 51-8 51.8 3 ye | 50.8 50.6 
11 54.0 53.8 53.5 53.1 53.0 53.0. 
12 55.8 cea 55.0 Sisay 54.9 55.5 
13 58.2 58.7 56.9 57.8 56.1 56.8 
14 61.0 60.3 59.3 59.8 58.2 58.9 
15 63.0 61.4 62.2 60.9 60.7 60.3 
16 65.6 61.7 64.3 61.8 
17 66.2 62.5 
18 67.0 62.4 
19 67.3 62.8 
20 es th ay 67.5 63.0 
—2l $$$ 


>. 
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TaBLe 36.—SraTuRE oF CHILDREN or Various Racks 


x 3 FE is; 
Swedish (Key) Italian (Pagli- ene ul Philippino Japanese 
ani, Turin) Chauriet) (Bobbit) (Hashiga) 
Age 
last | 
De Males | Females} Males | Females| Males | Females} Males | Females! Males | Females 
ay 
| Inches Inches Inches Inches Inches 
| 
| i} 
1 | 29.2 28.9 
2 re wie Pane 32.5 oan 
3 33.8 33.3 35.1 34.8 
4 36.1 35.8 38.2 SlEyG 
5 rays Bus iete 38.2 38.9 40.6 40.0 
6 45.6 44.4 40.6 40.1 43.2 42.8 43.1 ade 41.2 41.1 
7 47.6 45.6 44.4 42.8 45.1 44.7 44.6 45.1 44.4 41.3 
8 49.5 48.4 46.6 45.4 47.0 47.0 46.0 46.2 44.6 43.8 
9 51.5 50.0 48.7 47.5 49.2 49.1 47.6 48.4 46.0 46.2 
10 52.3 51.8 49.9 50.0 51.1 51.0 49.1 50.0 47.2 47.2 
i 53.4 53.8 50.8 51.8 52.4 52.9 SL 51.4 49.1 49.0 
12 55.1 56.2 5200 53.8 54.1 55.8 53.5 54.4 50.0 51.0 
13 56.8 58.2 54.6 56.0 57.0 67.5 55.3 56.1 51.8 5293 
14 |. 58:5 60.0 57.2 58.8 60.5 60.0 57.8 Sime 53.0 54.0 
15 61.3 61.8 59.7 60.0 62.8 60.8 60.6 58.1 
16 63.6 | °62.5 62.0 60.6 62.3 58.5 
17 65.6 62.8 62.8 61.2 63.1 59.0 
18 66.8 62.8 63. 2 61.2 63.3 58.8 
19 67.2 63.7 63.6 63.6 58.9 
20 67.5 62.8 63.7 58.8 


The influence of environment upon the Juvenile and Adolescent 
growth-cycles, particularly upon the latter, is no less marked than 
that of sex and race. The British Anthropometric Committee exhib- 
ited this effect in a most striking manner, by classifying their data 
according to the source from which they were derived, namely, the 
professional, artisan, and laboring classes. The inferiority of the 
development of children of the last named class, particularly in 
the period of adolescence, was most decided; while the figures of the 
artisan class came in between the professional and the laboring 
classes.* 

Criteria of Normality——As in the case of the infantile growth- 
cycle, individual deviations from the standard average weight or 
stature, when they are not too extreme, have little significance, 
except when viewed with reference to the whole growth-curve of the 
individual under consideration. The normal variability of weight 
in children of a given age is very great, varying from 11 to 20 per cent., 
while the variability of stature, which is considerably less than that 
of weight, varying from 4 to 6 per cent. is, nevertheless, sufficient to 
introduce a considerable margin of normal departure from the standard 


* Cf. also Hertz,®? and Mackenzie and Foster.” 
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average.1!, 12, 14, 102, 151 On the whole, variability increases with 


increasing velocity of growth, e.g, at puberty, and pt eal oe 
decreasing velocity of growth, as, for example, in the adult.'°*, 
126, 151 

It would appear probable that a high degree of variability is a 
condition which is disadvantageous to the collective welfare of the 
individuals displaying it since a high frequency of marked departures 
from the mean implies a frequent overstepping of physiological limi- 
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Fia. 193.—Variability of school-children in stature and weight (boys). 


tations. Conversely, other conditions being equal, a disadvantageous 
environment might be expected to cause an increase in varia- 
bility through enhancing preéxisting differences or at any rate pre- 
éxisting subnormality. It is to be borne in mind, however, that 
disadvantageous environmental conditions may cause a retardation 
of the growth of young animals or children, which in its turn, might 
be expected to lead to a decrease in variability as we have seen. Where 
the disadvantageous conditions operate at a period of rapid growth, 
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or growth of which the rate is fluctuating, the retardation of develop- 
ment due to an unfavorable environment would lead to important 
modifications of the dimensions of individuals, which in turn, might 
be expected to lead to a diminution or subnormality of variability; 
whereas the same conditions, pressing upon an adult animal or man 
or upon an animal or human being growing at a relatively slow or 
steady rate, might be expected to lead to an enhancement or super- 
normality of variability. 
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Fie. 194.—Variability of school-children in stature and weight (girls). 


I have investigated the weight and stature and the variability of 
these dimensions in fifty children of each sex, from six to fourteen 
years inclusive, chosen from among children attending the schools 
in Oakland, California.12”7 The results are indicated in the accom- 
panying tables and displayed graphically in figures: 
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TABLE 37.—M ALES 
ia Bina Fh ee ee Se Se 


eee ee | Yearly | Variability, nae Yearly Variability, 

NOGA ES increment | per cent. oer ™ | increment per cent. 
birthday | pounds inches 

6 46.0 esto 12.2 46.1 s(E3 5.6 

if 50.7 4.7 1250 47.9 1.8 5.5 

8 55.4 4.7 13.5 50.3 2.4 4.8 

9 64.0 8.6 BE // 52.2 1.9 4.9 

10 Gial 3.1 12.0 53.5 1.3 Bel 

11 75.9 8.8 12.6 56.0 2.5 3.6 

12 81.3 5.4 15.7 56.7 Oraa Sel 

13 92.6 11.3 17.3 59.6 2.9 5.2 

14 103.6 11.0 wad. 9) POLLY. 4 2.1 ah 
pee SE SP ee ee ee ee eee 


TaBLe 38.—FEMALES 
——n—n— eee ———n— Eee C ese ee cece 


| 


Agein | Average | vearly |Variability,, “YS | Yearly |Variability, 

gone eet) elena te increment | per cent. | eset increment | per cent. 

birthday | pounds _ in inches 
6 44.4 Se 11.9 45.3 Ss 5.8 
7 49.4 5.0 12.0 47.7 2.4 4.4 
8 53.5 4.1 13.4 49.8 Zak 4.1 
9 59.7 6.2 12.8 51.4 1.6 4.6 
10 66.1 6.4 14.2 54.2 2.8 4.8 
11 75.2 9.1 20.3 55.5 123 5.8 
12 80.7 5.5 HF ot 58.0 2.5 5.2 
13 97.3 16.6 20.5 Gitrat 3.1 4.7 
14 105.6 8.3 13.6 62.4 Leo 5.4 


From these results, it is evident that the rate of growth in weight 
in both sexes increases continuously from the seventh to the fifteenth 
year and that the variability in weight undergoes a parallel increase 
during this period. There is a manifest tendency for maxima of 
variability in weight to coincide with maxima of yearly increment. 
The stature, on the other hand, increases during this period at an 
almost uniform rate, and the variability of stature is correspondingly 
uniform. 

In satisfactory accord with the results cited above, the variability 
in stature is much less than the variability in weight. We may there- 
fore infer that as a criterion of abnormality in children of these ages 
the measure of stature is more reliable than that of weight, for a given 
departure from the standard-average has a proportionately greater 
significance than a like departure from the standard average of weight. 
On the other hand, as a sensitive indicator of the effects of environ- 
mental or dietetic fluctuation, the measure of weight is to be preferred 
to that of stature, since it is evidently more sensitive to internal 
and environmental departures from the average and more suscep- 
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tible to modification. In investigations of child-welfare, as evidenced 
by growth, we may therefore be guided by the following practical 
rule: When we wish to compare the condition of two given groups 
- of children in regard to physical welfare, we should preferably compare 
their average statwres and the variabilities thereof; whereas, when we 
wish to compare the effects of differing diets or environmental condi- 
tions upon otherwise similar children, we should preferably compare 
their average weights and the variabilites thereof. In other words, 
when our object is the comparison of children we should use the 
height-standard, but when our object is the comparision of environ- 
ments we should use the weight-standard of comparison. 

In order to estimate directly the influence of environment upon 
variability of weight and stature, I took for the purpose of comparison, 
three groups of children fifty to a group, equally divided between the 
sexes, all of them eight years of age. The first group was chosen at 
random from the records of a school situated in a relatively poor 
industrial district of Oakland inhabited mainly by factory operatives; 
the second, similarly chosen from a school situated in a relatively 
wealthy residential district; and the third from an average school. 
The results of this comparison are summarized in Tables 39 and 
40, which include, for the purpose of showing the degree of medical 
care received by the children of these three classes, the percentage 
of cases of infected or operated adenoids.* 


TaBLE 39.—MALES 


Average | Varia- | Average | Varia- tae ee of 
School weight | bility, | stature | bility, OD ae 

rds basse Fes “ah Infected | Adenoids 

pounds | cent. | inches | cent. adenoida: | carenied 
Residential district....| 59.6 14.2 50.8 4.2 10 34 
Average district....... D5n4 meee LoeD 50.3 4.8 16 6 
Factory district....... 55.3 10.3 48.3 5.1 24 2 

TaBLE 40.—FEMALES 

Average | Varia- | Average | Varia- Nemes Ae 
Sebhol weight | bility, | stature | bility, g tad 8g 

in Res via per | Infected | Adenoids 

pounds | cent. | inches | cent. eaarioide lt ceived 
Residential district....| 58.0 eet 50.8 4.1 0 12 
Average district....... 53.5 13.4 | 49.8 4.1 14 2 
Factory district....... Dili, 1137 4829 4.5 10 2 


we a ee a ee eee ee ee 

* The parents of the children attending the school situated in the industrial 
district included a large proportion of individuals of foreign birth. It is not 
believed, however, that this factor invalidates the conclusions drawn from 
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From these results it is evident that, as previously found in England 
and Denmark,?: *? increasing unfavorability of environment results 


in a parallel increase of deficiency in weight and stature. It is a. 


strikingly significant fact, also, that as the environment grows unfavor- 
able, the proportion of medical care extended to children decreases 
as indicated by the percentage of adenoid pathology. 

The variability of weight, which is normally high, decreases in an 
unfavorable environment in consequence, as explained above, of the 
retardation of the rate of growth in weight which is also an effect of 
such an environment. The variability of stature, which is normally 
much less pronounced, increases in consequence of the enhancement of 
normal deviations from the average, which in this case more than com- 
pensates for the reduction of variability due to slackening of growth. 
We may infer then, that among children of this age a defect in stature 
and weight, with a high variability of stature and low variability of weight, . 
is indicative of the operation of an unfavorable environment.. 

A criterion of normality which has been suggested by von Pirquet, 
consists of the ratio of ten times the weight in kilograms to the cube of 
the sitting height in centimeters.'' This index he calls the “ Peli- 
disi.”’ There is, however, no reason for preferring an arbitrary index 
of this character to the ordinary measurement of height, unless it can 
be shown, by the statistical methods outlined above, that the “‘ Pelidisi’” 
is actually less variable than the stature, in which case, of course, 
departures from normality would be possessed of correspondingly 
greater significance. The measurement of sitting height is, moreover, 
complicated by certain sourees of inaccuracy* which are absent or 
minimized in the measurement of height (Martin, p. 138). It is 
necessary, also, to recall the fact that any standard of height, weight, 
or proportion of these to one another which is applicable to one 
race, or in one country, is not applicable to another race, or even 


.the above comparison, for, on the one hand, there is no reason to suppose that 
the children attending the other schools were less heterogeneous racially than the 
children attending the school in the industrial district. They represent in the 
majority of cases the offspring of persons whose parents were themselves of non- 
American nativity. On the other hand, while racial heterogeneity in the absence 
of other factors might be expected to enhance the variability of every characteristic 
and dimension, the children from the industrial district were actually less variable 
in weight, although more variable in stature, than those from the average and 
residential districts. 


* These sources of error are the following: 1. It is harder, especially in the case of 
children, to straighten the back when sitting than when standing. 2. The sitting 
height varies considerably with the position of the legs. The thighs should be 
horizontal and parallel and the feet flat upon the ground. This involves, in 
measuring the sitting height of children, the employment of a chair of adjustable 
height. 3. The measurement is much influenced by the degree of development of 
the gulteal muscles and fat deposits, and their compression due to the weight of 
the subject, while standing height is little affected by the comparatively invariable 
thickness of the soles of the feet. 4. Inclination of the head introduces a greater 
proportional error into the measurement of sitting height than it does into the 
measurement of standing height, 
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to the same race inhabiting another country, without a fresh estimate 
in each instance, of the magnitude of the standard norm. 


CHANGES IN BODILY PROPORTIONS AND STRUCTURE WHICH 
ACCOMPANY GROWTH 


Were the growth of an organism expressed by a single autocatalytic 
curve, we should expect the bodily proportions to remain essentially 
unaltered throughout development. The uniformity and simplicity of 
the process and the character of the quantitative relations defining it 
would imply uniformity in the composition of the products of the 
underlying and determining chemical reactions and consequently, 
uniformity in the composition and morphological type of the tissues 
produced. However, as we have seen, the total growth of an animal 
or of a human being is the sum of at least three distinguishable auto- 
catalytic processes, each of which, we may safely infer, produces a 
distinctive type of product differing from that produced by other 


VITAL 
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Fic. 195.—Changes in bodily proportion with growth, showing the length of 
different portions of the body as compared with the head at different periods of 
life. At birth the body is 4 heads high, while in the adult it is 8 heads high. 
(After Stratz, Der Korper des Kindes, 1904, 64, Fig. 42.) 


- 


cycles. ’ Hence, the growth of the various tissue-elements is unequally 


' favored in the different cycles with the result that the relative propor- 


‘ tion of the structures embodying these tissue-elements alters consider- 


ably as development progresses. In conformity with this conception, 
we find that the alteration of bodily proportion which normally 
accompanies development, is dependent upon the actual occurrence 
of growth and not upon the age of the animals. Rats, which have been 
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stunted by underfeeding or the lack of a dietary constituent essential 
for tissue-synthesis, retain infantile bodily proportions to an advanced 
age.o4, 61, 5 

The alterations in the proportional growth of the several tissues 
which accompany development lead to manifest changes in external 
bodily proportions. These changes which are illustrated in the follow- 
ing schematic diagram!4? are primarily evidenced by a notable 
decrease in the relative magnitude of the head in proportion to the 
trunk and a relative lengthening of the extremities, particularly of the 
legs. , 

Accompanying these alterations in external proportions, consequent 
upon growth, are alternations resulting, on the whole, in a decrease 
of bodily density. The bodily density may be estimated, either by 
computing the percentage ratio of the cube-root of the weight to the 
stature, which yields the so-called ‘‘ponderal index’’®® or, more 
conveniently, by computing the percentage ratio of the weight to the 
cube of the stature.1°° Whichever method of computation be 
employed, it is found that the bodily density attains a maximum at. 
the conclusion of the first year of extra-uterine life (end of the first. 
cycle) and thereafter sinks, at first rapidly and then gradually, until 
the initiation of the third growth cycle (11 years of age in males, 10 
years of age in females), when it undergoes a slight but continuous 
increase which persists throughout life (Martin, p. 246). We may, 
therefore, infer that the first.and third cycles of growth are accompanied 
by a more or less pronounced increase in bodily density, while the second 
or Juvenile cycle is characterized by a decrease. 

The ratio of bodily surface to weight or stature presumably under- 
goes similar alterations with development. The computation of the 
superficial area of the body from the more readily measurable dimen- 
sions has frequently been attempted in consequence of the importance 
of a measurement of superficial area in relation to the calorific require- 
ments of the individual. The formula usually employed is that of 
Meeh** which, however, yields trustworthy results only for adults 
of approximately normal form, the results for obese individuals being 
high and for lean individuals correspondingly low.*8 The formula 
proposed by D. and E. F. Dubois is the following: 


Surface of Head = A X B X 0.308 
A = Circumference around vertex and chin. 
B = Circumference around occiput and forehead, just 
° above eyebrows. 
Surface of Arms = F(G@+ H+) X 0.558 
F = Outer end of clavicle to lower border of radius. 
G = Circumference of arm at the level of ‘the upper 
border of the axilla. 
H = Largest circumference of forearm. 
I = Smallest circumference of wrist. 
Surface of Hands = J X K X 2.22 
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J = Lower posterior border of radius to tip of second 
finger. 
K = Circumference of open hand at knuckles. 
Surface of Trunk = L (M + N) xX 0.703 


L = Suprasternal notch to upper border of pubes. 
M = Circumference of abdomen at level of umbilicus. 
N = Circumference of thorax at level of nipples in the 


male and just above the breasts in the female. 
Surface of Thighs = O (P + Q) X 0.508 
O = Superior border of great trochanter to lower 
border of patella. 
P = Circumference of thigh just below level of 
perineum. ; 
Q = Circumference of hip and buttocks at level of 
trochanters. 
Surface of Legs = R X S X 1.40 
R = Sole of foot to lower border of patella. 
S = Circumference at level of lower border of patella. 
Surface of Feet = T(U + V) X 1.04 


T = length of foot. 
U = Circumference of foot at. base of little toe. 
V = Smallest circumference of ankle. 


The internal modifications of bodily proportion which accompany 
growth are summarized by Thompson?*! in the accompanying table. 

The progressive modifications in the proportional development of 
the various tissue-elements which accompany the growth of children 
necessarily involve manifold structural modifications which cannot 
be discussed in detail here.* The modifications which are of primary 
significance to the pediatrician are, however, those which lead to the . 
erruption of teeth, the closure of the fontanel, and the growth and 
degeneration of the thymus. 

According to Holt and Howland,°*® the following are the approxi- 
mate dates of eruption of the milk teeth, subject to wide individual 
variation: 

*The changes in the chemical composition of the body which necessarily 
accompany these changes in the proportionate development of different tissues 
are as yet very imperfectly known. The most striking effects appear to consist 
in a progressive desiccation (E. Bischoff,!° and a marked diminution of the phos- 
pholipin content of tissues other than those of the central nervous system. (T. 
Brailsford Robertson;!22 D. I. Sivertzov;'4* cf. also L. B. Mendell, and 
collaborators. *® 
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TABLE 41.—PERCENTAGE oF WEIGHTS OF VARIOUS ORGANS AS COMPARED WITH 


Bopy WEIGHT 
i (een ee eee 


Age in years Body Brain Heart Liver 
0 100 12.29 0.76 4.57 
il 100 10.50 0.46 3.70 
2 100 9.32 0.47 3.89 
3 100 8.86 0.52 3.88 
4 100 9.50. 0.53 4.20 
5 100 7.94 OroL 3.39 
6 100 eG 0.48 3.45 
ia 100 6.84 0.47 3.49 
8 100 6.38 0.44 3.01 
9 100 6.06 0.46 2.99 

10 100 5.59 0.51 302 
11 100 5.04 0.52 3.22 
12 100 4.88 oe 3.03 
13 100 4.49 0.50 3.13 
14 100 3.47 0.58 3.20 
15 100 3.62 0.48 Sold 
16 100 3.16 0.51 2.95 
We 100 2.84 0.51 2.98 
18 100 2.64 0.46 2.80 
19 100 2.43 0.51 2.86 
20 100 2.43 0.51 2.62 
21 100 2.31 0.49 2.66 
22 100 2.14 | 0.50 2.66 
25 100 2.16 | 0.46 2.75 
1 
TaBLe 42.—ERuPTION oF MILK TEETH 
2 Lower central incisors.............. 6to 9 months 
4D Der In CISGle tae ie weer cee te 8 to 12 months 
2 Lower lateral incisors and a 
A ATCEHIOT, MOLLES as aaettitcta sone ares 6 « 12 to 15 months 
Ay Canines Nand eeey ee Pee eas hatte eee 18 to 24 months 
4;Posterior molatartdes —ceete wobec 24 to 30 months 
At 1 year a child should have ........ 6 teeth 
At 119 years a child should have...... 12 teeth 
At 2 years a child should have........ 16 teeth 
At 214 years a child should have...... 20 teeth 
The permanent teeth appear in the following order: 
TaBLe 43.—ERupPTION or PERMANENT TEETH 
Hirst. PermanentaMolard imate ac ates eee 6 years 
TINGISOLS eects coun Cet re ee 7 to 8 years 
Bicuspideretis ote ncn ee ee 9 to 10 years 
CODINESEeR Reith oe an eee 12 to 14 years 
Hecond molarsacass.0 a. oe Ase 12 to 15 years 
Third anolers seers ete as. od. cee 17 to 25 years 


Delayed dentition is a characteristic sign of rachitis. 


x 
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The posterior fontanel usually is closed by the end of the second 
month; the sutures of the skull are immobilized by the sixth month; 
and the anterior fontanel closes at about the eighteenth month, the 
time of closure varying between 14 and 22 months. An open fontanel 
in a normal non-rachitic child at the end of the second year is very 
unusual. ; 

A striking characteristic of the third growth-cycle is the rapid 
degeneration of the thymus. According to Friedleben,® the aver- 
age weight of the thymus at birth is 13.7 grams; from birth to 9 months, 
19.8 grams; from 9 months to two years, 26.2 grams; and from the 
third to the fourteenth year, 25.9 grams. Holt and Howland consider 
that these weights are excessive and cite with approval the estimates 
of Bovaid and Nicoll, namely 6.5 grams at birth, 4 grams during 
infancy and early childhood. The estimates of Friedleben, however, 
are confirmed by those of Hammar®® who states that the normal 
weight of the thymus in man at various ages is as follows: 


Monrus GRAMS 
LAM Sgn als Se AE oe os PR Rr an aa ome 
etwmecie (Ante eee Eve Meter nord toe iste ate ons 23.0 
Between 6and10...... SB at NI Ana adn cin 26.1 
Betweeret te tittle mttaer ceo fons Mk eee nieiatk le beeen 3075 
Ret yoen Otancs ome eae ane Ser cone alan mene 25.6 
Between oo ant: Ooms sre Ter Ae St eloa eas. Sr shkiiee 16.1 
SUV COM OOlLATELIT eR Laide ane eae 6 oe leracye, ween hes 6.0 


Retrogressive changes are already beginning, however, in the 
second year. In the years subsequent to adolescence the adenoid 
tissue of the thymus has, in normal individuals, been largely replaced 
by adipose tissue. Evidently the thymus bears a special relationship 
to the first growth-cycle, increasing continuously in weight during 
its duration, remaining stationary during the second growth-cycle, 
and degenerating rapidly during the adolescent cycle, so that when 
adult state is reached, a functional gland is usually absent. Occa- 
sionally we find children in whom the birth-weight of the thymus is 
much greater than that cited above. Such children usually display 
lymphism and a marked tendency to sudden decrease after some trivial 
shock, the causation of death being as yet quite obscure.”’ 


PERIODS OF INSTABILITY IN THE GROWTH-PROCESS 


‘ 


It has been shown by Read?!"° that there is a definite “critical 
period”’ ‘in the intra-uterine development of the guinea-pig, somewhat 
ante-dating normal delivery, at which premature delivery of young, 
which are usually born dead, is more likely to occur than at any other. 
This ‘critical period”? corresponds with the conclusion of the first 
growth-cycle, which, is completed 7n utero in the guinea-pig. It would 
appear, therefore, that in this animal the juncture of the first and second 
growth-cycles constitutes a period of relative instability in the growth- 

Vou. I—33 
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process, due possibly to the faulty “‘linking-up” of the two growth- 
cycles. In man this juncture of cycles occurs 1n the latter part of the 
first year of extra-uterine growth. The question therefore arises, 
whether or not at this age, a similar relative instability is displayed 
by human beings. ot 

That the latter half of the first year of extra-uterine growth is in 
reality a “critical period” in the development of man is shown by the 
investigations of Macgregor,”* who has determined the relationship 
of weight to age in over 1700 infants admitted to the city of Glasgow 
Fever Hospital during the years 1907-1908. Macgregor finds that 
for children under one year of age, the weight on admission increases 
fairly uniformly from 3 to 6 months and is tolerably close to the average 
for Glasgow children of the same age. After 6 months, however, the 
curve of growth has its continuity suddenly broken, descending to a 
relatively low level, and only regaining its natural position as the end 
of the first year is reached. Evidently, children who fall victims to 
zymotic disease during the second half of the first year of extra-uterine 
life, tend to be of markedly subnormal weight before any loss of weight 
due to the disease, itself, has occurred. Moreover, the incidence of 
measles, whooping-cough, and scarlet fever reaches a maximum at the 
eighth and ninth months, while diphtheria and cerebro-spinal meningi- 
tis, although occurring rarely during the first year show a maximum 
incidence during the sixth and seventh month. From these facts it 
appears, firstly, that there is a tendency for a, certain proportion of 
infants to be of markedly subnormal weight between the seventh and 
the tenth months, and secondly, that these subnormally developed 
infants are selectively affected by certain zymotic diseases. On 
comparing Macgregor’s growth-curve of infants under one year of 
age who have contracted zymotic disease with Read’s growth-curve 
of prematurely delivered guinea-pigs, it is impossible not to be struck 
by their remarkable similarity. 

It might be imagined that the tendency of a proportion of infants 
to exhibit underweight at from seven to ten months is attributable 
solely to the fact that weaning “normally’’ (7.e., physiologically) 
should take place at this period, that the digestive disturbances fre- 
quently consequent upon this change of diet affect a certain proportion 
of children more severely than others, and that these children are 
selectively affected by zymotic diseases. These considerations, how- 
ever, do not suffice by themselves to explain the phenomena observed 
by Macgregor for in the first place, as he points out, bottle-fed infants 
supplied with milk from the city milk-depots of Glasgow show no loss 
of weight during the seventh to tenth months at all comparable with 
the subnormality exhibited by the infants admitted to the Fever 
Hospital. Bottle-feeding, therefore, does not affect average infants 
more adversely during the seventh to tenth months than at any other 
period. Now, under the conditions pertaining in a modern city the 
weaning of infants is by no means usually delayed until the “ physio- 
logical” period. From the data collected in Birmingham by H. W. 
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Pooler’®® it appears that not over two-thirds of the children of poor 
parents are breast-fed. This percentage is still smaller amon ge children 
of wealthier parents. Among those infants who are breast-fed, weaning 
occurs at a very great variety of ages owing to digestive disturbances. 
Infants of subnormal weight should therefore be distributed fairly 
evenly among all ages during the first year, unless bottle-feeding tends 
to have a more deleterious effect upon infants of between seven and 
ten months of age than at other ages, which, as we have seen, is not 
the case. 

It may be pointed out, also, that it is undoubtedly by no means 
accidental that the “physiological age” for weaning approximately 
coincides with the termination of the infantile and the inception of 
the juvenile growth-cycle. It is, indeed, highly probable that a 
change from one growth-cycle to a succeeding cycle involves profound 
changes in the metabolism of the organism, so that pronounced changes 
in physiological habit or mode of development might be expected 
to occur at such periods coincidently with the deeper-seated metabolic 
changes. 

It would be of very great interest and importance to determine 
whether or not there is a similar period of relative instability of the 
growth-process at the juncture of the Juvenile and Adolescent cycles, 
and also whether specified infections, abnormalities of development, 
etc. exhibit preference for the one or the other period of instability. 
Reliable data bearing upon this problem are, so far as I am aware, 
scanty or altogether lacking. 
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CHAPTER V 


PHYSIOLOGY OF METABOLISM IN INFANCY 
AND CHILDHOOD 


By Joun R. Muruin, Ph. D., Se. D. 


ROCHESTER, INGE Ye 
INTRODUCTION—DISTINCTION BETWEEN SUBSTANCE AND ENERGY 


Metabolism, as the term is now generally understood, includes all 
the chemical and physical processes by which the living substance in 
organized form is produced and maintained, as well as the trans- 
formations by which energy is made available for the various purposes 
to which it is put in the organism. It is important at the beginning of 
a discussion of these fundamental matters to have in mind a clear 
distinction between substance metabolism and energy metabolism. 

The two sets of processes denoted by these terms are by no means 
entirely independent of each other, although they probably rest upon 
fundamental properties of the living substance which are quite dis- 
tinct.1°8 These properties, as nearly as they can be denominated at 
present, are, on the one hand, the ability to attract and impress into 
its own structure germane materials, and, on the other, the ability to 
liberate, in most cases by oxidation, the energy supplied to it in poten- 
tial form. Because one is at bottom synthetic in nature and the other 
analytic, the two properties have frequently been regarded as direct 
opposites, and the terms anabolism and katabolism have served to 
emphasize this distinction. But these latter terms have led to some 
confusion. Introduced at a time when Liebig’s view of the coincidence 
of substance and energy changes was the prevailing view, they have 
served through indiscriminate usage to prolong the life of an idea long 
past its usefulness. Liebig believed that whenever new protoplasm is 

‘formed energy is stored, and that the liberation of energy necessarily 
involves a destruction of protoplasm. But from our present knowledge 
of the constitution of the protein substrate of the living unit (or 
biophore, as it is sometimes called), it requires but a moment’s reflec- 
tion to convince one’s self that the conversion of, say, casein of cow’s 
milk to protoplasm of a baby’s muscle, assuming that no reduction in 
the chemical sense is necessary to vitalize this protein, involves no 
storage of energy whatsoever; and it has been abundantly proved by 
the Voit school of investigators that the destruction of the living sub- 
stance (as measured by output of nitrogen in the urine) is by no means 
proportional to its activity, i.e, the amount of energy liberated. 
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A few citations should serve to make this matter entirely clear. 
Thus Lengyel®* and Hari*® made calorimetric studies upon the heats of 
combustion-of proteins before and after digestion and found them essen- 
tially the same. Grafe*® also attempted by means of an extremely 
sensitive calorimeter to detect a production of heat during proteolysis 
but without success. Cleavage of proteins into polypeptids (peptones) 
and amino-acids yields no energy. If our assumption is true that. syn- 
thesis of proteins beyond the alimentary tract arises from these same 
cleavage products, and the better opinion of biochemists is to this effect, 
then their construction in the body cannot be accompanied by storage of 
energy in the sense in which this takes place when starch is synthesized, 
under the influence of the sun’s rays, from carbon dioxide and water. 
Hence, the antithesis of constant building up and tearing down of the 
living substance as a condition of energy release, which the terms 
anabolism and katabolism have mistakenly been used to emphasize, is 
not true, although it is still taught in some quarters. Perhaps the best 
usage of these terms at present is limited to the action of the living 
substance upon lifeless material as when we speak of the anabolism of 
glycogen or the katobolism of glucose. 

The dominating process of substance metabolism in the body of a 
growing child is the synthesis of proteins and their vitalization. Now 
synthesis of proteins is accomplished in the laboratory by union of 


amino-acids with elimination of a molecule of water in this fashion, and 
i Glycocoll 


Alanin 
NH:2.CH.CH3.CO OH + NH2.CH2.CO OH = 


Alanylglycin Water 


NH:2.CH.CH;CO — NH.CH.CO OH + H.0O 
there is every reason to believe that this is the type process in the 
tissues. 

The process is accomplished by a chemical change exactly compar- 
able with that by which maltose is synthesized from two molecules 
of dextrose. 

CgH1206 — C2Hi20¢6 Ss Cy2H 2011 +e H.O 
There is no storage of energy because there is no change in the relation 
of carbon to oxygen, the hydrogen in both molecules being entirely 
satisfied. 

Once formed, the living substance, so long as it is living and under 
the conditions usually termed normal, seems to be relatively stable, 
so far as oxidation is concerned, but it is endowed with the property of 
“activating” oxygen, and this enables it to bring about the oxidation 
of inert materials (fats, carbohydrates, and, after splitting off of the 
nitrogen, of nitrogenous materials as well) which may be brought into 
an intimate enough relationship with it. The growth or maintenance 
capacity of the living substance certainly is not the opposite of this, 
but is probably to be looked upon as a sort of polymerization, of a 
higher order than that just cited, whereby unitary components of the . 
living substance attract similar unitary chemical structures which can- 
not themselves be described as living, but which take on the vital 
character in virtue of their incorporation into the more complex 
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relationship. That the process of oxidation is a condition essential to 
the continuance of this polymerization is, perhaps, a safe inference 
from its almost universal association therewith (see page 552). 

Since the chemical basis of the living substance is essentially pro- 
tein in nature, the study of the substance metabolism resolves itself 
mainly into a study of the chemical changes in the protein materials 
entering the organism as food, from the moment their digestion begins 
until their reappearance in the external world as waste. The study of 
the energy metabolism, on the other hand, concernsitself mainly with 
the oxidation of non-nitrogenous materials.* One is obliged to say 
“mainly” in both cases, because, in the first place, certain cells always 
normally; and most cells at times, contain non-nitrogenous materials 
which fluctuate in amount with the nutritive condition of the living 
substance, and in this sense are to be regarded as part of it; and, in the 
second place, some energy probably always is derived from what were, 
before deamination, nitrogenous materials. 


ENERGY METABOLISM 


GENERAL CONSIDERATIONS OF ENERGY METABOLISM IN WARM-BLOODED 
ANIMALS 


Heat Production.—It is a familiar experience that the tempera- 
ture of what we call ‘‘warm-blooded” animals is not only several 
degrees higher than the average temperature of the atmosphere, but is 
held constantly at this level despite fluctuations in the environing 
temperature. Merely to warm the body once up to this level of 37 
degrees from the temperature of the air (which the body would have, 
if dead) requires a considerable amount of heat.t To maintain it 
constantly requires much more, and requires very sensitive adjustment 
to different rates of heat loss. 

Oxidation.—The heat all comes, in the last analysis, from the oxi- 
dation of food stuffs in the tissues. Oxygen is carried to the tissues by 
the blood—for the most part in combination with the hemoglobin of the 
red corpuscles. The food stuffs are likewise carried to the tissues by 
the blood, but in solution in the plasma. Under certain forms of 
stimulation, the cells receiving both oxygen and food activate the oxy- 
gen and cause it to unite with certain chemical groupings derived from 
the food, and the result is the liberation of energy which takes one of 
three forms: mechanical work, electrical currents, or heat. 

By far the greater part of this energy takes the form of heat: for 
at the best, 7.e., working under the most favorable conditions, the 
tissues are unable to convert more than one-third of the potential 

* Rubner,!®8 p, 34: “‘Beim Eiweiss drain ich i A i 
tielle Frage, beim Fett und Kohlehydrat i Areal ede Tee 

} The specific heat of the human body being 0.83 (Pembrey), it may be calcu- 
lated that an adult body weighing 70 kg. would be equivalent to B71 kg. of water 
so that to warm it 1 degree would require 57.1 calories of heat. To warm it 


20 degrees would require 1,142 calories or more than a third of 
of the average daily intake of food. mini ap 
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energy of the food into mechanical work; and, ordinarily, the amount 
so converted is not more than one-sixth. The amount taking the form 
of electrical energy is almost infinitesimally small. 

Is Heat a By-product?—It is sometimes stated that the heat which 
results from oxidation in the animal body is simply a by-product of the 
internal work which takes place in the tissues. This can scarcely bea 
correct conception of the process of oxidation as a fundamental life. 
process, especially in warm-blooded animals; for the maintenance of a 
temperature well above that of the surrounding medium is an essential 
condition for the performance of the internal work (chemical reactions) 
in the tissues. It is fair to say, therefore, that the production of heat at 
a rate sufficient to offset the inevitable loss to its surroundings is a 
necessary function of every warm-blooded animal. The evolution of 
heat, however, is not confined to the higher animals but is common to 
all living beings. It is very evident, for example, in the germination 
of seeds, and in a hive of bees the temperature of the atmosphere is 
often 10 degrees above that of the surrounding atmosphere. 

Van’t Hoff’s Law.—Increased activity in living tissues is almost 
invariably accompanied by an increased evolution of heat. Since 
this heat is derived from the chemical changes which proceed in the 
living cells, and since all chemical processes are quickened by a rise of 
temperature, we should expect to find that the heat produced in the 
metabolic processes of the organism would tend of itself to quicken 
these processes. This is found to be the case. In most chemical 
reactions a rise of 10°C. would increase the velocity of the reaction 
from two and a half to three times (Van’t Hoff’s Law), and the same 
law is, within the limits of the stability of living tissues, found to apply 
to the process of oxidation. For example, in the early growth of a 
lupine seedling it has been found that the output of CO» bears to the 
temperature the following relationship: 


ot Oral a, oii all> <4 2. nae nea 6 mg. per hour 
1} Se Ste ie bein rea a oRS laaeieme 18 mg. per hour 
a Lag SiO promis i ae 5 bela 3 ale) sone Real eae 44 mg. per hour 
oa sg ec RG A hoy SR tae Dag 86 mg. per hour 


The same relationship has been found to obtain for the production 
of CO, in the snail, the leech, and the earthworm. Perhaps the absorp- 
tion of oxygen is a still better measure of the heat production. Within 
the range of 5 to 21°C. it has been observed that the factor (Qio), which, 
in biological literature, expresses the number of times the process is 
accelerated for a rise of 10 degrees, has, for the absorption of oxygen by 
the crayfish, a value of 2.5 to 3.5. In the case of the leech, the same 
factor, between 10 and 24 degrees, is from 2.4 to 3.0. 
In living things the range within which any such law applies is 
necessarily very narrow as compared with its range in inorganic reac- 
tions; and the factor (Qio) varies, according to the best determinations 
which have yet been made, very widely. Nevertheless, it may be 
said that the law that the rate of chemical change (metabolism) varies 
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with the temperature of the living substance is a universal law for all 
animals and plants. As applied to the production of heat in living 
things, this law would result in a vicious circle (the temperature increas- 
ing the oxidation and the oxidation increasing the temperature) which 
would rapidly destroy the living substance itself, if special mechanisms 
did not exist for the removal of the heat. Where these mechanisms 
break down, as in fevers, the heat must be removed by artificial means. 

Body Temperature.—We are not concerned in this chapter with 
body temperature as a symptom of disorder but only as a manifesta- 
tion of oxidation and of its regulation in relation to heat loss. What 
is the actual temperature of the body? This much-mooted question 
cannot be settled even today, for the answer depends upon the place 
and means of its measurement. In general one may say that the 
farther interior the thermometer can be placed the higher is the tem- 
perature recorded; but some of the interior organs are warmer than 
others and this denotes that chemical activity is more vigorous there 
than elsewhere. Hence a safer statement is that the nearer the actual 
source of production the higher is the temperature. The nearer the 
surface the lower the temperature, particularly if the surface is un- 
clothed and is the seat of evaporation of water. 

Studies on the gradient in temperature from the naked surface of 
the adult body to the interior made by Benedict and Slack,”® show that 
the rise from 32 degrees at the surface is very rapid for the first 5 
em. distance and then shows little change whether the test be 
made in the rectum or the vagina. It is safe to say, therefore, that a 
thermometer 6 or 7 cm. from the surface correctly records the tempera- 
ture of the interior. This investigation proved also that a rise or fall 
in the temperature of the body in one part was in general accompanied 
by a parallel change in every other part. The temperature of clothed 
parts of the skin is naturally higher than that of the naked skin and 
may be estimated in general at from 33 to 35°C. 

The organs of the abdominal cavity are warmer than the skeletal 
muscles or the rectum. According to Quincke™® the temperature in 
the interior of the stomach of man is 0.12°C. higher than the rectal 
temperature, and, according to Ito,** that of the duodenum of the rabbit 
is 0.7°C. higher. These temperatures may be due to the proximity of 
the liver, for LeFevre®’ has found the liver of the dog more than one 

degree warmer than the rectum. 
Individual variations of some tenths of a degree are always found 
when the temperature is recorded over sufficient length of time for each 
individual. As a mean value 37.5°C. is usually given for the tempera- 
ture of the rectum, 37.2°C. for the axilla. It is not quite. correct to 
say that these temperatures are constant; for, neglecting variations 
due to disease or to excessive cooling, it is well known that, in the 
course of the day, the body temperature undergoes certain normal 
variations. In a healthy individual the temperature difference be- 
tween minimum and maximum in the diurnal curve may amount to 
1 to 1.5°C. In ordinary habits of life the minimum comes between 
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three and six o’clock in the morning and the maximum between five 
and eight o’clock in the evening. 

Cause of the Diurnal Variations of Temperature. —The cause of 
these variations in the body temperature lies in the varying relations 
of heat production to heat loss. If heat production exceeds heat loss 
the temperature rises and vice versa where heat loss exceeds heat pro- 
duction the body temperature falls. 
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Fie. 196.—Temperature curves from Benedict and Slack showing parallel 
changes in body temperature, taken in mouth, axilla and rectum. Note low 
A.M. temperature and rise in afternoon; lunch was eaten 12:21 to 12:38 P.M. 
(Benedict and Slack, Carn. Inst. Publ. #155, Wash., D. C.,; 1911.) 


The factors which, it is known, may be operative to affect the body 
temperature in this way are: muscular exercise, kind and amount of 
food, mental effort, light through its reflex effects, temperature of the 
surrounding medium, and sleep. Probably the first is the most 
important, but it requires the combined effect of all of them to account 
for the perfect regularity of the variations. Certain very careful 
observations by Mosso,'2° F. G. Benedict!° and others indicate that 
there is a fixed periodicity in the body temperature which is entirely 
independent of any and all of these superficial circumstances. Bene- 
dict found that the minimum temperature in night workers persisted 
in falling in the early morning hours, ‘‘independent of whether the 
subject was sleeping soundly in the recumbent position or was awake 
and sitting or even standing and walking.” Among the objections 
which have been brought against the work of Mosso and of Benedict 
on night workers is the fact that an individual worker cannot be 
entirely disconnected from the rest of society in this way. Thus, under 
a reversed day and night regimé, the subject necessarily works under 
artificial light in the stillness of the night, and he must sleep in the day- 
time through noise and other disturbing circumstance. “The night- 
time has a peculiar effect upon the general state of one’s mind owing to 
the solitariness and various other circumstances, and this changed 
psychical condition reacts on all one undertakes” (Lindhard). A 
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less objectionable method of reversing the daily routine 1s that of 
taking a journey half-way round the globe. If the body temperature 
were subject to a rhythmical periodicity independent of the immediate 
surroundings, a journey of this kind from east to west or west to east 
would completely invert the day and night with reference to the local 
time from which one started, and should have the effect of replacing 
the minimum morning temperature by the maximum evening tem- 
perature, and vice versa. The first experiment of this kind was per- 
formed on himself by R. B. Gibson,®4 who made a Journey from New 
Haven, Conn. to Manila, P. I. It has since been accomplished by 
Osborne!’ in a journey from Melbourne to London, and less oy 
pletely, so far as extent of the inversion was concerned, by Simpson? 
in a journey from Ithaca, N. Y. to Edinburgh, Scotland. ““Day : and 
“night”? were reversed by Lindhard®® in the polar night of N. E. 
Greenland in the following way. - Observations were made on the body 
temperature of all of the twenty-eight members of the expedition 
during the ‘‘day,’’ 7.e., the time during which the lamps were lighted 
and the men were active indoors, and again during the “‘night,”’ 7.e., 
when the lights were put out and the men went to bed; also upon 
waking. Then by postponing the bed time four hours one day and 
eight hours the next day and the insertion of an extra meal the ‘‘day”’ 
and ‘‘night’’ were reversed. In all of these experiments the results were 
essentially the same. Complete reversal of the day and night produce 
a complete inversion of the diurnal temperature curve, showing that 
‘the curve is determined by work and the mode of living, and that “the 
astronomical division of time is without importance in this regard.” 
Still more out of the question is any inherited form of the temperature 
curve or any mysterious ‘‘cosmic”’ influence. 

Temporary changes of the body temperature in one direction or 
the other may be produced by various voluntary acts which tend to 
offset the heat production or the heat loss. Thus the temperature 
falls as the result of sitting perfectly still, of drinking cold water, 
eating ices, etc. It rises, as a rule, as the result of exercise, taking hot 
drinks or food, etc. However, all such variations are, as a rule, very 
insignificant, and this very remarkable fact has been established—that 
the mean value of the temperature obtained from a large number of 
determinations, extending over periods of 24 or 48 hours, remains the 
same in spite of all such disturbances. With a free choice of food, 
therefore, the body measures out its supply of energy to fit the cireum- 
stances of heat loss with unerring accuracy. 

Variations of temperature between persons of different age are also 
but slight. The fetus, having a certain small metabolism of its own 
and being harbored among the warmest organs of the mother’s body, 
might be expected to have a temperature slightly higher than the 
mother, which, indeed, direct observations confirm. The difference, 
however, amounts to only 0.3°C. Immediately after birth the tem- 
perature sinks sometimes as much as 2 to 4°C. and it may continue 
somewhat below normal until the end of the first week. This primary 
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fall is not explained altogether by bathing for it has been observed in 
infants which were not bathed,” although the birth-bath may produce 
an even greater fall unless special means are taken to prevent it. The 
continued depression is explained in part by the time required for the 
process of adaptation to the new source of food. After its return 
to normal the temperature in health never varies far from this level. 
The following table after Benedict and Talbot”? gives the average 
body temperature (rectum) taken at the beginning and end of a period 
of observation in their respiration chamber, for each of the first eight 
days of life. 


Taste 1.—AvERAGE ReEcTAL TEMPERATURE OF INFANTS DURING THE FIRST 
Eraut Days artTer BirtTH 


Average temperature Average temperature 


A Nimber | SS Number 
Age x | Age - 
of subjects | Degrees Degrees | of subjects Degrees Degrees 
) | Centigrade, Fahrenheit Centigrade| Fahrenheit 
| | | | 

1 to 12 hours. 48 MS6N7. Ohi vi4 dayse. 51 37.0 98.6 

12 to 24 hours 26 36.9 98.4 5 days.... 41 36.9 98.5 
PR cs 3 74 36.8 98.2 6 days.... 22 37.0 98.6 

2 days....... | She er areT 98.8 |7 days.... 16 36.9 98.5 
iGaYE: 22. 2.6 | 62 | 37.2 99.0 8 days.... 9 37 98.8 


The average for the entire 24 hours is lower than these figures. Jun- 
dell!%2 gives the following as the average rectal temperatures for the 
24 hours for persons of different ages: 


Degrees 
nee Centigrade 
TEOR MALLS ten, Rc eet ce Me rE eo alens Clie Teles ele. nyeltya fools sa oa 36.82 
ARETE COKR oes eT I cient ete cee a eee ne eg o5 37.13 
DM, ROG R ORS = oe Ae Pd on oA Olea auth ach i aa ek ae ae ea a aN 37.12 
EAD TET LAT Dies anueh te o) Wa pare, 6 ae oy Ae ea oe a a 37.15 
De SRS hee Oe tag NEE CONN Ee Gat Re Pe Ce Se Ra en 36.92 
eR BV CATE Oioy Sper syst axa) ek tow ated eee eh ele Iota She Cele sh cpt eb Is 36.85 


The variation for this range of ages amounts to only 0.33°C. For 
very old persons (71 to 98 years) the average rectal temperature, 
according to Chelmonski,?? was 36.58°C. in the morning and 36.65° C. 
in the evening. bap 
Subject to excessive loss of heat the body is unable to maintain the 
normal level of temperature and the disturbance to its functions 1s 
greater the lower the body temperature falls. The highest nerve 
centers are the first to suffer so that the person soon becomes uncon- 
scious. This fact explains the drowsiness of persons threatened with 
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freezing from exposure. Life is maintained by the medullary centers, 
however, until reduction of the general body temperature has gone 
much farther. Theoretically, restoration is possible as long as these 
centers (respiratory center, vasomotor center, etc.) retain their vital- 
ity. Cases have been recorded of patients who have recovered from 
a body temperature of 22.5°C.,89 and one case of a man who retained 
consciousness with a temperature of 26.7°C. 

In like manner an increase in body temperature, if it passes a certain 
limit, involves first disturbances to the general health and later loss of 

consciousness, while the centers of the medulla remain functional. In 
general, it may be said that the body stands a fall better than a rise in 
temperature; for while, as seen above, it may recover from a fall of 
as much as 15°C., a rise of only 2 or 3°C. is a very serious matter, and a 
rise of 4 or 5°C., 7.e., to 41 or 42°C., constitutes a very dangerous symp- 
tom. Some of the highest authenticated temperatures*® from which 
patients have recovered are: 43.6°C. in a case of syphilis of the brain 
(Paget); 42°C. typhoid fever (Thoma); 43.6°C. scarlet fever (Vincent 
and Bloch); 42°C. erysipelas (Hirz); 43.3° malaria (Mader); 43.9° 
acute rheumatism (Clinical Society of London). 

After death the temperature of the body falls, but not always imme- 
diately. This shows that the heat production does not cease the mo- 
ment the organism hastakenitslast breath. Besides, with the cessation 
of the circulation and the secretion of sweat any heat formed by the 
post-mortem phenomena in the interior of the body is not so readily 
lost. In cases of death from infectious diseases, the temperature of the 
cadaver may even rise for some hours after the usual signs of life have 
disappeared. 

The Heat Producing Organs of the Body.—Heat is produced 
wherever oxidation takes place in the body. Every organ and tissue, 
therefore, must contribute its quota to the sum total. Some tissues, 
however, are in reality unimportant in this respect, notably the bones, 
exclusive of the marrow, the tendons, cartilage, the white matter of 
the nervous system and the skin. The organs and tissues which are 
known to be most active in the production of heat are: The cross- 
striated muscles, including the heart, the large glands (liver, intestine, 
stomach, spleen, pancreas, and kidneys), and the non-striated muscles. 
Taking the total heat production of a resting man of average weight 
(70 kg.) as 1,680 calories* (see below), Tigerstedt!92 has estimated that 
the contribution of the different organs is as follows: 


*A Calorie is the one-one-hundredth part of the heat necessary to raise 1 kg.of - 
water from 0 degree (freezing) to 100 degrees (boiling) at sea level. It is quite 
customary in this country to use the amount of heat necessary to raise 1 kg. of 
water from 19 to 20°C., as one Calorie (written Cal. or Kalo-calorie). One- 
thousandth part of this is often called a small calorie, or a gram-calorie (written 
cal, or gm.-cal.), 
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ECOL i eae eer ee eee rm RE OOM or 70 Cal 
SOLES OMEN DIRTION. 2 ee ee ee ek ok ees. ccc. - 150 Cal 
Le eee Ne Ee Sis Soe ek a 368 Cal 
POMC VLC. GUN A eae esl. tryst. oll le x0 cs coos 74 Cal 
Dele calMmuse esos ey done ht EB Lat nya ten od be doltess, 1,000 Cal 

AEA Re RS ls aR a CMe Scene TON 1,662 Cal 


This leaves only a very small fraction of the whole to be produced by 
the less active organs. 

That the skeletal muscles must be the most important seat of heat 
production follows from the fact that with every muscular contrac- 
tion from three-fourths to two-thirds of the energy liberated is set 
free as heat (see below). It has been conclusively proved also that 
heat is constantly being produced even in resting muscles. Thus, 
Meade-Smith'” determined the temperature of the vastus externus 
and profundus muscles of the dog simultaneously with the temperature 
of the blood in the aorta, with the following results; 


Muscle Blood Difference 
38 .38°C. ay ere, 0.41°C 
38 .41°C. Soats 7G. 0.28°C. 
38. 74°C. i Ae: 0. 58°C. 
38 . 28°C. 3v..90°C. 0.38°C 


It may be calculated from his observations that nearly 10 calories 
of heat are produced in 1 kg. of resting muscle in 24 hours. 

Proof of the Sources of Animal Heat (Calorimetry) .— Proof 
that the ultimate source of the heat produced in the animal body lies 
in the oxidation of its organic foodstuffs dates from the time of Lavoi- 
sier, the discoverer of oxidation (1789). Lavoisier invented a calori- 
meter which measured the heat produced by a small animal in terms of 


the number of grams of ice melted. By means of another apparatus. 


which was never described fully (the inventor’s notes having been 
destroyed in the French Revolution, during which he was beheaded), 
Lavoisier learned not only that oxidation is the source of heat in the 
human body, but that the amount of heat so produced is greater during 
muscular work, after taking food, and greater at a low than at a high 
external temperature. 

Lavoisier assumed that the heat value of a compound was equal 
to the sum of the combustion heat values of its constituent elements. 
Thus, according to his ideas, the heat value of formic acid (CO2H2) 
should be equal to the combustion heat values of H and C. This, 

Vou. I—34 
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however, is not the case; for the heat value of 2H(2H ma = H,O) 
is 683 calories, per gram mol., and of C(C + O2 = COz2) is 943 calo- 
ries, whereas the heat value of COsH2(CO2H2 + O = COz #4 H.O) 
is only 694 calories. The difference between the combustion heat 
value of CO.H» and the sum of the heat values of Hz and C is known 
as the heat of formation. . That is, it is the heat developed and set 
free when the elements were combined to form the compound. 
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Fic. 197.—Bomb calorimeter (Riche). _The food is placed in k, and is ignited 
by sending a known amount of current through e. a, Bomb; b, vacuum cup; 
c, split ring; e, platinum wire; f, felt; h, brass tube for support of cover; 7, spring 
stops; j, stirrer; k, nickel capsule; m, fibre; 0, sheet cork; p, platinum tube; r, 
platinum rod; s, stirrer rod; ¢, thermometer; v, fuse wire posts; w, wooden box; 
x, motor; y, fuse wire; Sw, switch; Ba, storage batteries; 1, 2, valve screws; 3, 
insulated post; 4, 5, inlet screws. (Jour. Amer. Chem. Soc., 1913, XX XV, 1747.) 


Calorimetry of Foods.—All foodstuffs are organic compounds 
of this sort, but most of them are much moré complex in their structure 
than formic acid. The combustion heat value of a substance is 
determined by burning it in an atmosphere of pure oxygen, in an 
apparatus known as a bomb calorimeter, of which there are many 
different forms. One of the most recent forms is shown in Fig. 197. 

The subjoined table gives the combustion heat value of some of 
the most important foodstuffs: 
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TaBLE 2.—Herat VAuvuE or 1 Gm. or Eacu Susstancr 
Se a a eee 


Substance Stohmann | Berthelot | Rubner | F. G. Benedict 
Ci @Sia ile SR ee tne eae a EAS NG eg tllehs exes bt ohesg | ee ee 4.323 
CUI COREA. Sicas.< . ec? 08 3.743 Bis(Oo. ly wtek ye win 3.739 
WeUlOscu Aas ere athcs eh Pol Owe AI Vice ee nelly rele 3.729 
RA UACTOSE pocorn eke tol cr: | 3.¢22 
Gane suvarec. 2.6 sn «see io 955 3.962 4.001 : 
iNET Lg FS Ee ge a ae i ets SIMA oI. be Se 3.730 
IVISECOSERR io ciac ete oie Soke a ioame. tek ew iter eee 3.776 
J DIGS) ey seers doe grr een eee |e ans pied 4.119 
eer Chinn. eee. eae pis Sek Te AF 1 83 4.228 
Palmitieacid(....<0t' fa ERTS 9.265-9.369| 9.745 9.318 
SECATIConCId <2 race I Bie ah. 9.429-9.549) 9.745 9.499 
ICVCRMCIG vane taco y eae Bevahte)< 9.511 9.334 9.423 
Pinel TAG... ss 50. 9.500 
PUMitete es cap ta al | Oe est 
WeEreud DEC Olle; see el eee es 9.520 
Wihiteror eprs 2). ese Reis 5.687 
POLK OMe PE ea. : secceetee 5.841 
Beef (ext. free of fat)... .. 5.721 5.728 5.778 
WEEE TD Le ec att dep eee oe ere 5.663 
REBREI Ee te suatd foc ee = Byte b) 5.626 
Peptone from fibrin...... 5. 942 
CIV CORCU See sere ee ee Rect 2 oe 4.227 
ISG ES ee ee eee) ke | age NS Roc hare 4.401 
IMSS AEDES So eg I) 0 | NI eR a eel eee ans ee 3.065 
PAR ALUIC ACL oe. oe coayaat inch gree ea eats 2.882 
ULE ee wa tibia amen ae lal ge eee 4.240 
(eS EN ace eee eee Vic ies glee ee 24 4.988 
ng be a ge a ‘hei Ss pe Sas heen ale) 1 OL 4.137 
Rrbeetaraanes GRAS. Wie 8 IS SSR Leys Saree 1) tbh 3.662 
Ctiveoco liner.’ Sia. sk. Shinty ee a Rees? oie INeesd tates 3.110 
iy rOBIEM eet al | fl) Sects lds 2 Feisty | jaeaidey 5.915 
ae. Lol os hy Baad Pie rite Man by: 1 PES 7.104 
PRICE ACIS tes ct eel lk pokes ee a a eilite Ne SnOL5 


If the end-products of oxidation were exactly the same in the 
body as in the calorimeter, the amount of heat produced by these 
substances when they are oxidized in the body should be the same as 
when they are burned in pure oxygen. This, in fact, is the case 
normally with all the pure carbohydrates and fats; for the end-prod- 
ucts of oxidation in both instances are only CO. and H2.0. With 
the nitrogenous foods (proteins, extractives) the physiological heat 
value should be less than the calorimetric heat value for the reason 
that the body does not oxidize nitrogen completely. If it should 
do so, the end-product (nitric acid) would be very harmful to the 
body and would require to be neutralized in some way. Those products 
which represent the partially oxidized nitrogen of the proteins of the 
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food are excreted in solution in the urine (urea, uric acid, ete.). Hence 
the physiological heat value of any protein (¢.g., washed meat) may 
be found by subtracting the combustion heat value of its nitrogenous 
waste products from the combustion heat value of the meat itself. 
To make the determination still more exact, it is necessary to make 
certain other corrections. Thus, while meat or casein, for example, 
may be completely digested and absorbed, they always occasion a 
loss of nitrogenous material from the bowel, which represents the 
unabsorbed residues of the digestive juices. The heat value of the 
feces, therefore, should be subtracted. Then there are certain small 
heat fractions lost in the imbibition of water by the protein and in the 
solution of the urea, etc., in the urine. Making all these corrections 
for lean meat, extracted free of fat and dried, Rubner!*® obtained the 
following from a feeding experiment with the dog: 


CALORIES 
100 gm. fat-free, dried meat, combustion................... 535.5 
LG fh Were eee ee es chee wee PS A. ete A PE eA 112.9 cal 
I sc) st: SR SCENE a) ees Oe ae OARS 9) heeled Tepes 16.8 eal. 
Imbibition Ofswavere2 5 ares Sere cia cena 2 Cal 
Hea troisolutioneere st eee tees eae ke ree 2:0 cal 


Differences, (s.. > ce oma Rae nee Settee ed he Biker, we tk 400.1 


The heat value to the dog’s body, therefore, was 4.0 calories per gram. 
Rubner had previously determined the dynamic equivalents of the 
different foodstuffs in terms of each other; thus: 100 gm. fat are equal 
in heat value to 211 gm. of protein, 232 gm. of starch or 234 gm. of 
cane sugar. Later he published the following as the physiological 
heat values of the three principal foodstuffs: 


Aa ah ROM Set Mac AS SOS COURT OTR ae Ac 4.1 calories 
ifigm:> starchior sugars ami ic cece» tae ec 4.1 calories 
Legis fa teed sSit eek ee ee is he Lohse eo es RN 9.3 calories | 


These values are now generally employed, although upon the 
assumption that all the food materials are first transformed into 
similar substances of the human organism it would be necessary to 
employ the factor 9.54 calories for fat, and upon the assumption that 
the nitrogen of the feces does not represent metabolized protein, 
the factor 4.4 calories would be more correct for the human body. 
However, the direct determination of oxygen absorbed has made these 
factors unnecessary for computation of the heat production of the 
body even by the indirect method (see below). 

Calorimetry of Animals and Man. Indirect Calorimetry — With 
the correct determination of the calorimetric heat values of the simpler 
foodstuffs, it became possible to determine the total heat production 
of the human} body. Pettenkofer and Voit,188 under the patronage 
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of the King of Bavaria, had constructed in Munich in 1865 a respira- 
tion apparatus which enabled them to estimate the products of respira- 
tion from an adult man in 24-hour periods. By collecting all the 
other excreta, they then were able to.compute the total loss of the 
different elements from the body. Knowing the total nitrogen 
elimination from the body, by multiplying this amount by 6.25 they 
obtained the amount of protein used up. From the total amount of 
carbon eliminated they were able to calculate the amount of the non- 
nitrogenous materials consumed. Knowing that proteins contain 3.28 
times as much carbon as nitrogen, one deducts first the quantity of 
carbon belonging to protein. If no food has been ingested during the 
time of the experiment, nor for 24 hours before, it is assumed that 
all the rest of the carbon came from fat.* Dividing the remainder of 
the carbon by 0.76, the percentage of carbon in fat, one obtains the 
number of grams of fat. If food is taken, containing only protein, 
or only fat or only protein and fat, the same calculation suffices to 
give the total amount of each foodstuff oxidized. Should the food 
contain carbohydrate, it is necessary to know the number of grams of 
carbohydrate absorbed. Since it is known that carbohydrate is 
oxidized in the body more readily than fat, it is assumed that all of this 


-earbohydrate absorbed would be oxidized before any fat is drawn 


upon. Deducting from the total carbon excreted, first the carbon 
of protein, then the carbon belonging to the amount of carbohydrate 
absorbed, what remains is again counted as carbon of fat. In this 
way Pettenkofer and Voit computed the amounts of the different 
foodstufis destroyed in the body under different conditions. But it 
was not until Rubner had perfected his method of determining the 
heat values of the foodstuffs, about 1885, that it became possible to 
compute the total heat production. Taking the figures which Petten- 
kofer and Voit had found from a fasting man, namely, 70.8 gm. protein 
and 222 gm. fat, as the amount destroyed in 24 hours, Rubner multiplied 
these amounts by the physiological heat values of protein and fat 
respectively, and learned that the man, while fasting, had produced 
in his body 2355.8 calories of heat energy in 24 hours, or about 33 
calories per kilogram of net body-weight. This method of computing 
the heat production is known as the method of ndirect 


calorimetry. 


The amount of oxygen necessary for the oxidation of the indicated 


‘quantities of the foodstuffs consumed can readily be calculated from 


the known average composition of the protein, fats and carbohydrates. 
The only method of checking this result, however, in the procedure of 
Pettenkofer and Voit, consists in subtracting from the final weight of 


the subject plus the weight of the excreta, the original weight of the ° 


subject plus the weight of the ingesta. The difference should equal 
the weight of the oxygen absorbed and united with the combustible 
compounds. While this method of estimating the oxygen absorption 


* It is now known that this is not strictly correct; for glycogen is burned as 
late as the thirteenth day of fasting.” 
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of the subject is not very exact, it enabled Pettenkofer and Voit to 
learn positively that very little, if any, carbohydrate was oxidized in. 
the body of their fasting subject. 

Respiratory Quotient.—This, they knew from the respiratory quo- 
tient. This term is applied to the quotient expressing the relation 
ship between the volume of carbon dioxide eliminated by the breath 
and the volume of oxygen absorbed therefrom. The value of the 
quotient ie varies with the kind of foodstuff being burned, because 
the amount of oxygen already present in the compound is different. 
With carbohydrate the H and O are present in the proper proportion 
to form water (¢.g., CgsHi20¢). Oxygen is required, therefore, only to 
satisfy the combining power of carbon. Hence, the R. Q. would be 
equal to unity. Thus: CsHi20, + 602= 6CO2+ 6H20. The number 
of molecules of Oz absorbed in this reaction being equal to the number 
of molecules of COz produced, the R. Q. would be 1. Fats and proteins 
contain relatively more C and less O than do carbohydrates. Hence 
relatively more O is required for their combustion, whether in the body 
or in the calorimeter. The average value for fats is commonly given 
as 0.71 and for proteins 0.78 to 0.80 depending upon the analysis 
accepted and the factor allowed for non-absorption. This value for 
fat is obtained from the analysis of 76.1 per cent. C., 11.8 per cent. H, 
and 12.10 per cent. O in fat. One gram of such a material would 
require 1,990.8 c.c. of oxygen for its combustion and would yield 
1,420.4 ¢.c. of carbon dioxide. In the case of their fasting individual, 
Pettenkofer and Voit found a R. Q. of 0.69, which indicated clearly 
enough that nothing with an oxygen content as high as that of carbo- 
hydrate could have taken must part in the oxidation. The R. Q. of a 
man on an average mixed diet is in the neighborhood of 0.8. 

Direct methods for the determination of the oxygen absorbed are 
now in use. The method originally devised by Regnault and Rieset- 
and adapted to the calorimeter by Atwater and Benedict,* consists 
essentially in the maintenance of a constant tension inside the respira- 
tion chamber by admission of oxygen from a cylinder, to replace the 
oxygen used up by the subject. In this form of apparatus the same 
air is circulated round and round through the respiration chamber and 
the absorbers for the removal of carbon dioxide and water. If the 
system contains at the end of an experimental period the same quantity 
of residual CO: and HO as at the beginning, and oxygen is admitted, 
until the atmosphere contained in the system has the same tension 
as at the beginning, then the loss in weight of the oxygen cylinder gives 
the weight of oxygen consumed by the subject. The oxygen may also 
-be measured directly as it is admitted, by a gas meter. 

Knowledge of the oxygen absorbed makes it possible to determine 
the amounts of the different foodstuffs oxidized more accurately than 
by the method of Pettenkofer and Voit. The method of Zuntz and 
Schumberg?? is as follows: 

All calculations on the basis of one hour. 


ae 
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The N in the urine (per hour) (a) X 2.56 =C from protein in the 
respiration. 
. The CO: output in grams per hour X 341 = C output in grams per 

our. 

The C of respiration — C of protein in respiration = C of carbo- 
hydrate and fat in respiration (6). 

N in urine X 8.45 = O from protein in respiration. 

Total O absorbed — O from protein = O absorbed for carbohy- 
drate and fat (c). 

The O for oxidation of 1 gram of fat = 3.751 (average). 

The O for oxidation of 1 gm. of CH = 2.651 (average). 

Let x = number of grams C from fat (1 gm. C from fat = 12.3 
calories). 

Let y = number of grams C from CH (1 gm. C from CH = 9.5 
calories). 


e+y=ob (1 gm. N from Prot. = 26.0 calories). 
3./51z + 2.65ly =c 
Solving for x and y a X 26 = calories from Prot. 


x X 12.3 = calories from fat. 
y X 9 .5 = calories from CH. 
Total = calories per hour. 


Fra. 198.—Interior of chamber of respiration calorimeter showing arrangement 
of heat-absorbing system (H, H, H), the shields (Sd, Sd, Sd), the ventilating air- , 
pipes (A, As), bed (Bd), table (T), telephone (P). (Atwater-Rosa, Carn. Inst. 
Publ. #42, Wash., D. C., 1905.) 


Direct Calorimetry.—The first to make successfully a comparison 
of the heat production as calculated from the excretory products, with 
the heat production as directly measured was Rubner, in 1891. In 
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his laboratory at Marburg he constructed a calorimeter* consisting of 
a closed cage large enough to contain a large dog and immersed it in a 
large copper water bath—all but the opening left for access to the cage. 
The calorimeter was ventilated on the same principle as the Petten- 
kofer-Voit respiration apparatus. Heat was measured not by collect- 
ing it in water but by recording its effect in expanding a closed volume 
of air. A calorimeter of this sort where the heat is allowed to escape 
is called an emission calorimeter. 

The results of Rubner’s experiments reported in 1894 are as follows: 


TABLE 3.—COMPARISON OF DirEcT AND INDIRECT CALORIMETRY 


| 
Number | Heat prod.| Heat prod.| Difference 
Number Arama Ficod per cay of days calculated | measured | in per cent- 
1 Dog ensaekenes eee PE aating. 5 1,296.3 1,305.2 +0.69 
2 Dowsk.s 0. ae bie Fasting 2 1,091.2 | 1,056.6 —3.15 
3 Dom lity tecnscrectvatenyats 390 gm. meat 1 329.9 333.9 +1.20 
4 PGR Leger tere See ope 40 gm. lard 5 i 1pLOn et 1,495.3 —0.97 
5 Dogiltic.case teeta 80 gm. meat 12 | 8,985.4 3,958.4 —0.68 
30 gm. lard 

6 bare Boe, eee ee: ee same 8 | 2,492.4 | 2,488.0 —0.17 
7) Pe Dog lan gackeo eat: Meo eine Ment AG | 2,249.8 | 2,276.9 +1.20 
8 Dosell eae eeet. 580 gm. meat 7 4,780.8 | 4,769.3 —0.24 

| 46 17,735.9 | 17,683.6 —0.30 


In a total of 46 days of experimentation, with his animals on 
various kinds of food, Rubner thus found a difference of only 0.3 per 
cent. between the heat production, as calculated, and the heat produc- 
tion as directly measured. This proves, conclusively, the correctness 
of the physiological heat values assigned by Rubner to the three 
classes of foodstuffs and proves also that the energy set free in their 
oxidation (when the animal is doing no external work), whatever 
transformations it may undergo in the body, finally leaves the body as 
heat. In other words, all the available energy which entered the body 
in potential form had been recovered as heat, and the applicability of 
the law of the conservation of energy to the animal body was thus 
demonstrated. 

In 1892 Atwater and Rosa, in this country began the construction 
of a calorimeter at the Wesleyan University, Middletown, Conn., 
which, it was planned, should measure directly the heat production of 
aman. ‘The first results were published in 1897 in a Bulletin of the 
U.S. Dept. of Agriculture, which had extended financial assistance to 
the investigators and subsequent results in numerous Bulletins 
published since. 


* This was by no means the first animal calorimeter. The first was constructed 
in Glasgow by Adrian Crawford in the year 1777. Lavoisier and LaPlace used an 
ice calorimeter in the same year, but no description was published until 1780. 
Several other French scientists, notable DuLong and DePretz (1823) D’ Arsonval 
(1884) & Richet (1884), also had preceded the Germans in the use of calorimeters 
for the study of heat production in the animal body. 
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The principle of this apparatus, so far as its heat-measuring features 
were concerned, was different from that of Rubner. The chamber 
(2.15 meters long X 1.22 meters wide X 1.92 meters high) was built 
of copper and was placed inside a succession of walls, consisting of 
zine and wood, enclosing dead air spaces. Between the copper and 
zinc walls were placed thermo-electric junctions so that at any moment 
it could be determined whether heat was leaving the chamber or 
entering it through the walls. Outside the zine walls were placed 
cooling tubes carrying a stream of water of suitable temperature and 
wires which could be heated by passing through them a current of 
electricity.. The space immediately adjoining the copper wall could, 
therefore, be cooled or warmed as required to keep the inner space 
next the copper wall adiabatic. With no heat leaving or entering the 
chamber through the wall and with the air leaving and entering prop- 
erly recorded, the bulk of the heat produced by the subject was 
absorbed by a stream of cool water circulated through a series of copper 
pipes in the upper part of the chamber. The temperature of this 
water as it entered and left the chamber was recorded every two min- 
utes by a person who also controlled, through electric appliances, 
the condition of the walls. The amount of water passing through in 
a given time was determined by weighing. The number of calories 
of heat carried away was, therefore, found by multiplying the number 
of kilograms of water which had circulated by the average difference 
in temperature noted between the entering and leaving water. The 
total heat produced is found by adding to this the amount carried 
away by evaporation of water and making a correction for changes in 
the body temperature. 

By means of this and other calorimeters constructed on the same 
principles agreement between the direct and indirect measurements 
quite equal to those of Rubner for the dog has now been obtained not 
only for the adult man but also for the baby. 

Influence of Muscular Work on the Heat Production.— 
When Liebig had completed his classification of the foodstuffs, and had 
found that all animal tissues contained proteins, 7.e., are nitrogenous, 
he suggested that the excretion of nitrogen by the animal might be 
used as a measure of protein destruction in the animal’s body. Carl 
Voit, who had been a pupil of Liebig, was the first to put this suggestion 
to practical use. Among many other important facts, regarding the 
metabolism of proteins, Voit discovered that, contrary to the teaching 
of Liebig, the protein of the body is not the source of the muscular 
energy; for, during muscular work, no more nitrogen is eliminated than 
in muscular rest. Since it had been known from the time of Lavoisier 
that muscular exercise increased the heat production, it followed, from 
the observations of Voit, that the non-nitrogenous foodstuffs must be 
the source of the extra heat production as well as of the energy of 
muscular contraction. This fact is now thoroughly established by 
almost numberless experiments. An illustration may be taken from 
the work of Atwater cited above. A subject doing. work on the bicycle 
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ergometer produced in 24 hours 5,100 calories of heat, of which 4384 
calories came from the protein (N X 6.25 X 4.1). In muscular rest 
this same individual produced only 2270 calories, of which 400 came 
from protein. The day’s work had increased the total heat produc- 
tion 2830 calories, but the heat from protein had been increased only 
34 calories. All of the rest, 2800 calories (nearly), came from non- 
nitrogenous food. 

Since the time of Helmholtz a question of great interest to physiolo- 
gists has been that of the mechanical efficiency of the human body. 
By this is meant the relationship of work accomplished to the extra 
energy consumption necessitated by the work. Engineers find that 
it is an exceptional steam engine which can convert 15 per cent. of the 
potential energy of the fuel into effective mechanical work. The 
internal combustion engine may occasionally reach an efficiency of 
30 per cent. A combination of internal combustion and steam, as in 
the Still-Diesel engine, may reach an efficiency of 40 per cent. The 
remaining 60 to 85 per cent. is lost as free heat. The heat of com- 
bustion in the internal combustion engine of an automobile, however, 
can be turned to account in cold weather; hence is not all wasted. 
This the human body does also at a very considerable physiological 
saving. 

Various estimates have been placed upon the mechanical efficiency 
of the human body, depending upon the type of apparatus employed 
in its measurement and dependent also upon the type of work per- 
formed. Helmholtz’? calculated from data obtained by Smith,’™ 
Dulong,®? and Depretz‘? that the efficiency was about 20 per cent. 
Laulanié'™ found in turning a wheel with a brake, an efficiency of from 
9 to 23 per cent. depending upon the amount of load imposed with the 
brake. During®* estimatesit at from 19 per cent. fora brake ergometer 
to 46.5 per cent. for a tread mill—with an average for tread mill work 
of about 31 per cent. L. Zuntz made out an efficiency of 28 per cent. 
in bicycle riding; but Benedict and Carpenter’ using the same type of 
work, only changing the bicycle to a stationary ergometer found an 
average of only 21.5 per cent., a figure which has been substantially 
confirmed in a more recent and elaborate study by Benedict and 
Cathcart.” 

All these results apply to the mature human subject. It is not 
known as yet whether the youthful human subject works with a 
greater or less efficiency in such commonplace types of work as carry- 
ing the body forward with the leg muscles, or whether mechanical effi- 
ciency bears any relation to surface area. One can scarcely speak of 
muscular efficiency in the nursing infant for there is no means of 
ae his random muscular motions into effective external work 

p. 607). 

Influence of External Temperature on Heat Production 
in Warm-blooded Animals.—It has been noted above that the 
influence of external temperature on the heat production of cold- 
blooded animals, as in plants, follows Van’t Hoff’s law. In warm- 
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blooded animals, however, with the development of the capacity to 
regulate the body temperature independently of the surrounding 
medium, this law is to some extent reversed, so that the lower the 
external temperature becomes the greater is the heat production. 
This is necessarily the case if the body temperature is to be maintained. 
Confirming the original observation of Lavoisier that more heat is pro- 
duced in the human subject when the external temperature is low, 
C. Voit'®® exposed a man in light clothing in his respiration apparatus 
to different temperatures and found that, as the temperature fell, the 
metabolism increased independently of any muscular motions. Rub- 
ner’*® carried this line of investigation much farther, using dogs and 
guinea pigs, and formulated his laws of the chemical and physical 
regulation of the body temperature. In brief, these laws are: (1) 
That, from a temperature of about 30°C. downward, the body tem- 
' perature is regulated chiefly by varying the heat production (chemical 
regulation). Heat loss is regulated, to some extent, by decreasing the 
amount of blood brought to the surface. (2) From 30°C. upward the 
body temperature is regulated chiefly by varying the amount of water 
evaporated from the surface and by increasing the amount of blood 
brought to the surface (physical regulation). 

The conclusions of Voit and Rubner with regard to the effect of cold 
as such have frequently been called in question, the contention being 
that if visible shivering and increased tonus of the muscles are avoided 
no more heat is produced at low temperature. Loewy?! and Johans- 
son*® conducted carefully controlled respiration experiments by two 
different methods with a view to the determination of the pure effect 
of cold. The former employed sixteen different subjects, cooling the 
body not only byyexposure to a temperature of 12 to 16°C., but also 
by evaporation of water, alcohol and ether from the skin. The latter 
performed experiments upon himself as subject after acquiring the 
power to suppress all shivering or even increased tonus, when the naked 
body was exposed to a room temperature of 13 to 20°C. Both ob- 
servers found that there was no increase in the elimination of carbon 
dioxide when the muscular factor was really ruled out. Uncontrolled 
shivering in Loewy’s experiments produced an increase of 100 per cent. 
in the metabolism. Lusk! later found that a man immersed for a 
few minutes in a cold bath at 8°C. would, immediately thereafter, shiver 
enough to increase his metabolism 180 per cent. above the normal. It 
is well known that such shivering can easily be cured by voluntary 
muscular exercise and it is for his reason that one walks more briskly 
on a cold day. In the recent training camps of the army it was 
noticed that soldiers are much more inclined to frolic or “play horse” 
in bracing cold weather. Mainly on this account, but partly also, no 
doubt, on account of increased heat loss from exposed parts and 
through the clothing, soldiers eat on the average about 400 calories 
more!° in winter than in summer. 

How Heat is Lost From the Body.—In general, there are four main 
avenues of escape for the heat which is produced in the body of a 
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warm-blooded animal: (1) Warming the food and air which enter 
the body; (2) vaporization of water and setting free CO, in the lungs; 
(3) evaporation of water from the surface of the body; (4) radiation 
and conduction from the surface of the body. 

Rubner has made the following calculations for a man producing 
2700 calories daily: 


CALORIES 

1. Warming food and drink to body temperature............-. 42 
2 Warming. air from 17.5 40, 0000 tas out, Seis ain 35 
3. Evaporation of water from lungs and skin................. 558 
4. Heat equivalent of external work done.................--- 51 
5. Loss by radiation from entire surface of body...........-- 1181 
6. Loss by conduction to air from entire surface.............. 833_ 

2700 


Atwater, in his calorimetric studies, made the following estimations: 


I. Resting Man, Mean or 14 Expertments Comprisine 42 Days: 


CALORIES 
1. Heat loss by radiation and conduction:. .:.5 2.2 2.7.9. 25.0. 1683 
2. Heat/loss by urine and fecesenkes ase as on ne eee ae 31 
3. Heat loss by evaporation from lungs and skin............. 548 
TOtalas Sa Re See, Aes BASE ae een cate a eee errs 2262, 


II. Man at Work, Mnan or 20 Experiments Comprisina 63 Days: 


CALORIES 
1. Heat loss by radiation and conduction.................... 3340 
Dy EHeat loss by arine, and. deces) Asan nor at Soke en 26 
3. Heat loss by evaporation from lungs and skin....... gp ite 859 
4, Heat equivalent of muscular work....................... 451 
Ao Ree a aie ee rec eee eee as ee ee 467 


It is evident, from these estimates, that fully 80 per cent. of all 
the heat produced in the body is lost through the skin. 

The Law of Surface Area.—Closely related to this matter of the 
loss of heat through the skin is the relationship of heat loss to heat 
production, known as the law of surface area, first enunciated over 
80 years ago by certain French writers. To quote one of the 
earlier communications, “As the heat loss is proportional to the extent 
of free surfaces and these latter are to each other as the squares of 
their homologous sides, it follows of necessity that the quantity of 
oxygen absorbed, or, what amounts to the same thing, the heat pro- 
duced on the one hand and lost on the other is proportional to the 
square of the corresponding dimensions of the animals which one is 
comparing.”’5° The first experimental evidence of a relationship 
between skin surface and the food requirement of animals seems to 
have been furnished by Miintz?' who in 1879 investigated the main- 
tenance ration of horses. Emphasizing the part played by the surface 
he says: ‘“‘A notable part of the food certainly is consumed to maintain 
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the vital heat which has a tendency constantly to be lost by radiation 
or conduction to the surrounding medium. Another cause of cooling 
is cutaneous evaporation which is a function of the surface if it is not 
directly proportional thereto. The evaporation produced by the 
organs of respiration may equally be regarded as having a relation to 
the surface of the body rather than to the weight. We are then by 
these considerations in position to admit the preponderating influence 
of surface upon the apportionment of the maintenance ration. ” 

This law of surface a few years later was placed upon a firmer 
basis by researches of Rubner™4 upon dogs and of Richet4’ upon 
rabbits. 

A small animal has a greater surface, in proportion to its weight, 
than has a large animal. This will be clear from the following illus- 
tration. Suppose we have two spheres of two and four centimeters 
diameter. The surface of the smaller would be 12.56 square cm. and of 
the larger 50.24 square em. The volume of the first would be 4.18 e.c. 
and of the latter 33.49 c.c. The surface of the smaller, in proportion 
to its volume, therefore, would be as 3:1, while of the larger it would 
be only as 1.5:1. Since, now, more than four-fifths of the animal’s 
heat escapes through the skin by one physical means or another, it 
is clear that heat must be produced in proportion to the surface rather 
than in proportion to the mass, if the body temperature is to be main- 
tained. Hence, if two animals, with similar coats of fur, had skin 
surfaces that bore to each other the relation of these spheres, the 
smaller animal would produce twice as much heat per unit of weight 
as the larger. Rubner found that the average heat production per 
square meter of body surface for man, dog, rabbit, guinea pig, and 
mouse was 1,088 calories with variations of —104 calories to +103 
calories, z.e., of about 10 per cent. either way. : 

Measurement of the Surface Area.—Several methods have been 
proposed for determining the surface area of the human subject. 
The first was that of Meeh!* who marked out some parts of the body, 
which were favorable for the purpose, in geometrical figures, covered 
them with transparent paper and made tracings of the figures. The 
areas of these figures were then calculated or determined by weighing 
the paper. Other parts of the body were measured directly by wrap- 
ping with millimeter paper. 

Bouchard?® suggested a plan which was later improved upon by 
DuBois and DuBois,*! namely of clothing the body in tights made of 
some thin inelastic material which could be weighed. D’Arsonval 
clothed a man in silk tights and after charging the covering with 
electricity, determined the surface relative to a metal plate of known 
area by releasing the charge as from a Leyden jar. Lissauer!” meas- 
ured the surface of dead infants by covering the skin with adhesive 
material, applying silk paper, and then measuring the area by means 
of a planimeter. The measurement was accomplished by DuBois 
and DuBois in the following manner. A close-fitting union suit was 
put on, and over this an inelastic covering was produced by pasting 
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upon it strips of adhesive paper. Instead of attempting to weigh 
the covering itself, the ““model” of the body was cut up into pleces 
which would lie out flat so that its area could be determined by 
photographing it upon sensitive paper. The total area was then 
found by weighing the photographic silhouettes and comparing with 
the weight of a unit area of the same 
sensitive paper. The areas of the 
several members of the body as measured 
were then compared with the areas as 
given by multiplying their lengths by 
sums of measurements representing 
circumferences. For example, the area 
of the arm was given by multiplying 
the length from the outer end of the 
clavicle to lower border of radius Ff, by 
the sum of the three circumferences at: 
Upper border of axilla G; largest girth 
of forearm H; smallest girth of wrist I. 
This calculated area compared with the 
actual area for several individuals gave 
a factor which, used with the product 
just given, made up a so-called linear 
formula for the arm; thus: F X (@+ 
H + I) X 0.558. The several sub- 
formule added together could then be 
employed for measuring the surface of 
the entire body. 

This method resembles the one 

Fre. 199.—A Cretin, Benny proposed by Roussy!** in which the 
tis nd his, surfage, wold surface was given by multiplying the 

Chicago, 1915, XV, 872.) mean perimeter pm by the mean periph- 

eral total height (Hm); thus S = Pm 
x Hm. The first factor was found by taking the mean of 29 different 
circumferences (Fig. 200), while Hm is the sum of the three partial 
heights: (a) head, neck and shoulders; (6) trunk and lower extremities; 
and ’*(c) upper extremities. 

From his measurements Meeh derived a formula based upon the 
well-known relationship of surface to mass of similar solids; namely, 
that the former varies as the two-thirds power of the latter. By em- 
ploying a constant, 12.3, Meeh found that the formula S = ~/w? gave 
results within seven per cent. of those determined by actual measure- 
ment. DuBois found an agreement between measured and calculated 
values for five cases within two per cent. Later®® the measurements 
were greatly simplified and a formula containing total height, weight 
and certain constant factors was devised. This is known as the height- 
weight formula, A = W°-425 x H®-725 x ©, where A is surface in square 
cemtimeters, H the height in centimeters and W the weight in kilo- 
grams. C is a constant 71.84. 
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Further discussion of the surface areas of infants will be found in 
later sections (pages 600, 640). 

Protection Against Heat Loss.—Practically all warm-blooded 
animals have some means of protection against excessive heat loss. 
The most important of these are the natural coverings (hair, fur, 
feathers) on the skin and subcutaneous fat. The chief value of hair, 
fur, etc., in this connection lies in the large quantity of stagnant alr 
which they occlude. This air, being stagnant, retards the conduction 
of heat away from the body. Subcutaneous fat, on the other hand, 
is a poor conductor of heat, a layer only 3 mm. thick having been found 
to diminish the heat loss in a unit of time more than 50 per cent. 
Subcutaneous fat is especially important for aquatic mammals, because 
the water wets the fur, driving out all the air. 

The human body, not being provided with a complete natural coat 
of hair, requires the aid of artificial coverings in order to maintain its 
temperature in climates which average less than 27 or 28°C. Above 
this temperature, the naked body is able to regulate its temperature 
unaided. Clothes serve to diminish the movement of warm air away 
from the body, in the same way as hair, fur, and feathers do. It has 
been estimated that no less than 10 liters may be occluded by the 
meshes of a woolen suit of clothes, and some 10 to 20 liters more may be 
held in the spaces between different garments and between the gar- 
ments and the body. Heat loss by radiation is also reduced by clothes, 
the exact effect depending on the conductivity of the material. The 
importance of artificial covering for the infant, whose heat-regulating 
mechanisms are not yet functional to their full capacity is at once 
apparent, especially in view of the enormously greater surface in propor- 
tion to weight of the infant’s body (see discussion at p. 642). 

Regulation of the Body Temperature.—It has been noted above 
(p. 524) that the body temperature varies between very narrow limits. 
This fact, in itself, is a proof that the mechanism of heat production is 
very nicely adjusted to the process of heat loss. How is this coépera- 
tion brought about? It has been shown that, when a man is subjected 
to an external temperature (bath) varying slowly between 34 and 37°C., 
the mechanism of heat loss (sweating) is brought into play when the 
body temperature (rectum) is raised on the average 0.34° and the 
mechanism of heat production (shivering) when the body temperature 
has fallen on the average 0.26°. Likewise, in muscular work, sweat 
breaks out when the body temperature has been raised on the average 
0.43°. Whether the reaction in each case is brought about by the 
change in temperature of the blood and the direct stimulation of the 
sweat centers or the motor centers respectively, or by reflex stimulation 
-of these centers through the cutaneous nerves, is not definitely known. 
There is much evidence that the corpora striata in the base of the fore- 
brain contain a center which is particularly susceptible to changes in’ 
temperature and to mechanical stimulation. 1°. 192 

Influence of Food on the Heat Production.—The observation 
of Lavoisier that the heat production was increased by taking food was 
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confirmed by Pettenkofer and Voit, who found that the total metab- 
olism of a dog was increased from 34.9 to 65 calories per kilogram as 
the result of eating about two and one-half pounds of meat. Feeding 
fat they observed no increase in the heat production unless the amount 
fed was far in excess of the body requirements. Feeding carbohydrate 
in the form of starch, they found that 3.79 gm. in the food increased 
the metabolism 17 per cent. over that of the starving animal. More 
exact information concerning the influence of carbohydrate came with 
the invention of methods by Zuntz and by Benedict by which the 
oxygen absorption could be determined, since, without this knowledge, 
it was impossible to distinguish the part taken by fat in the total heat 
production from that taken by carbohydrates. Magnus-Levy using 
the Zuntz method with human subjects, came to the conclusion, 
substantially in accord with those of Pettenkofer and Voit, namely, 
that moderate quantities of fat do not increase the heat production 
(absorption of oxygen), but that both carbohydrate and protein 
increase it considerably. Rubner, using only the excretion of CO: 
as the measure of heat production, formulated laws regarding the in- 
fluence of different foods given to dogs, as follows: Since the different 
foodstuffs affect the heat production to a different degree, we may 
speak of their “‘specifie dynamic action.”’ The proper basis of com- 
parison is the amount of heat produced by the fasting animal. Taking 
this quantity as the minimal requirement of the animal for energy 
(in potential form), and feeding this quantity in the form of different 
foodstuffs, the effect is for protein an increase in heat production of 30 
per cent., for fat 11 per cent., for carbohydrate 5.8 per cent. In order 
to keep the animal in an energy equilibrium, therefore, it is necessary 
to feed him in protein 140 per cent. of the requirement, in fat 114 per 
cent., and in carbohydrate 106 per cent.’ 

Lusk2°7 and his co-workers, using a small respiration calorimeter of 
the Atwater-Rosa-Benedict type suitable for studies on dogs, babies, or 
dwarfs, have demonstrated that the increased heat production after 
ingestion of proteins is due to the amino-acids into which the protein 
is broken up by digestion. It is, however, not the mere absorption of 
the amino-acids themselves, nor their direct oxidation which acceler- 
ates the metabolism, but: the stimulating effect of the intermediate 
oxyacids which are formed from them. Quantitatively the results of 
these more modern researches confirm the conclusions of Rubner as 
to the specific dynamic effect of protein. These, however, relate to the 
dog. In man the dynamic effect is ordinarily not so great. The 
dynamic effect of protein in milk upon the metabolism of the infant 
will be discussed later (p. 634 seq). It need only be added here that 
protein which becomes a part of the body does not affect the heat 

roduction. 
; The dynamic effect of fat, it turns out, is not SO high as Rubner 
found it, if reckoned for the entire day, but for individual periods 
up to six hours after feeding,” may increase the metabolism as much 
as 30 per cent., as contrasted with protein (meat) which may raise 
Vou. I—35 
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it to 42 oe cent. Bloor 2°found that the fat in the blood also may 
increase up to six hours after feeding. 1 
Following Rubner’s fundamental observation on the influence 
of carbohydrate on the respiratory metabolism of a fasting dog, 
Magnus-Levy, Johansson, Diirig, and DuBois, made confirmatory 
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Fa. 201.—Heat production of a dog after giving: a, fat; b, glucose after fat; 
c, glucose and fat; showing summation. (Murlin and Lusk, Journ. of Biol. Chem., 
1915, XXII, Chart I, p. 18.) 


observations on the human subject. One hundred grams of glucose 
causes an average increase of nine per cent. in the heat production of a 
man of 75 kg.; and 200 gm., one of 12.5 per cent. during three to six 
hours after the ingestion.*? The same dose with a smaller man 
produces a proportionally greater acceleration of the metabolism. 


Co 
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Lusk** and his pupils have found that the period of highest metabolism 
after heavy sugar feeding to dogs coincides with an osmotic dilution of 
the blood caused by the rapid absorption of the sugar, and a sudden 
fall in the metabolism coincides with a removal of sugar from the cir- 
culation by the liver and a rapid elimination of water through the 
kidney. Lusk believes, therefore, that the heightened metabolism 
following rapid absorption of fat or carbohydrate may be called a 
“metabolism of plethora,”!°> or, in words of one syllable, oil-on the 
fire. Since a summation effect is produced when carbohydrate and 
an amino-acid, or both, are added at a time when fat is producing 
a maximal effect, and from other considerations which need not be 


entered into here, Lusk !°° infers that separate mechanisms exist within 


the body cells for oxidation of the several foodstuffs. 

Basal Metabolism.—By way of summary of the preceding 
sections, one may say that the three factors determining the level of the 
energy metabolism in the normal organism are, muscular activity, 
external temperature, and food. A subject removed from the influ- 
ence of these three factors would be (a) resting, (b) at a comfortable 
temperature, (c) several hours after the ingestion of food. The metab- 
olism under these conditions would be at its lowest and is therefore 
called “‘ basal metabolism.” 

It is the basal metabolism which is used in determining the effect 
of age, sex, body weight, stature, physical development, or of a disease 
or physiological defect upon heat production. The individuals used 
for establishment of a standard must be in a state of health which 
would be regarded as normal. 

Influence of Physical Characteristics——From an exhaustive bio- 
metric study of basal metabolism in the normal human subject, 
including some 250 adults and 100 infants, Harris and Benedict” 
have found that there is no very high degree of correlation between 
heat production and the heart activity as measured by pulse rate 
unless correction is made for body weight or body surface. ‘The 
most intimate correlations are obtained when correction for body 
size is made by*expressing heat production in calories per square meter 
of body size.’’ As regards the effect of body weight upon gaseous 
exchange, the same authors find that an increase of 1 kg. of weight in 
adult men increases the consumption of oxygen on the average 2.27 c.c. 
per minute and the carbon dioxide elimination 1.89 ¢.c.perminute. For 


~ women the values are 1.17 c.c. O2 and 1.02 ¢.c. COz per kgm. and minute. 


There is also a distinct and independent correlation between stature 
and gaseous exchange, but this is not so close as with body weight. 
A kilogram of body weight added in the adult increases the total heat 
production per 24 hours on the average 8.2 calories for women, and 
15.8 calories for men. ; 

Harris and Benedict have also subjected the body-surface law 
of Rubner to a critical biometrical study and have reached the conclu- 
sion that the correlations between body-surface and heat-production 
in normal adults are of about the same magnitude as those between 
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body weight and heat production. ‘These results do not, therefore, 
justify the conclusion that metabolism is proportional to body surface 
and not proportional to weight.” The closer agreement between 
heat production by different individuals and their surfaces than between 
heat production and body weight is not, in their opinion, due to any 
causal relationship between heat loss and heat production as a mechan- 
ism for preservation of body temperature, but in part, at least, proceeds 
from the fact that, body surface being proportional to the two-thirds 
power of weight is less variable than weight, and the ratio of total 
heat production to body surface is therefore less variable. The 
authors draw attention to the fact also that at least 25 per cent. of the 
heat loss occurs through vaporization of water from the skin and lungs, 
and not by radiation and‘conduction. Nevertheless they are obliged 
to admit that both upon the score of correlation coefficients and of 
equations of prediction, the body surface is a ‘“‘somewhat better” 
basis of comparison than body weight. These studies, it should be 
noted, were made upon adults only and no effort was made to comply 
with Rubner’s postulate of like physiological states as a condition 
precedent. Moreover, while quoting favorably the observations of 
Dreyer, Ray, and Walker*® to the effect that blood-volume, area of 
cross-section of the trachea and area of the cross-section of the aorta, 
are proportional to the two-thirds power of the weight, they make no 
reference to the fact that these are the very factors which determine 
vaporization from the lungs under similar physiological states. Vapor- 
ization of water from the skin in different individuals of the same 
species under similar physiological states may likewise be proportional 
to surface. Finally, as Harris and Benedict seem to admit, and, as 
we shall see later in comparing the metabolism of the infant with that 
of the adult (p. 642), between individuals of the same species of ‘‘ very 
different physical configuration,” the body-surface law must be con- 
sidered applicable. 

Influence of Age on Basal Metabolism.—This subject is one of 
immediate interest in connection with the metabolism of infants. It 
will be discussed for the present, however, only from the general stand- 
point, reserving for a later section the significance of age among 
infants and children. DuBois‘? has recently assembled the data for 
the influence of time of life from birth to old age upon the total heat 
production. His chart in terms of calories per hour per square meter 
of body surface appears below. In considering the causes of the 
altered rate of heat production, one must bear in mind first the differ- 
ences in body form which themselves affect the relationship of body 
surface to body weight, secondly, the specific influence of different 
organs which not only bear different relations as regards size, to the 
body as a whole, but probably in some instances also have quite a 
different coefficient of activity. Thus, in early life the liver and thy- 
roid especially, both organs of high metabolic activity, are preceptibly 
larger in the relative sense than in adult life, and may be expected to 
play a larger part in the total chemical activity of the body. This 
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may, to a large degree, account for the heightened metabolism of the 
infant when reckoned on the basis of a unit of surface. That the 
rate of growth itself, however, may be partly responsible, is evidenced 
by the fact that boys at the age of prepubescence, just when growth is 
accelerated, experience also a quickening of heat production. DuBois’s 
results (p. 680) indicate that this may amount to as much as 25 per 
cent. over the normal level for adults. Whether the awakened activity 
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Fic. 202.—Variations of basal metabolism with age. Calories per square meter 
of body surface, Meeh’s formula. . . . shows average for males, . . . average 
for females. (DuBois, Archives of Int. Med., Chicago, 1916, xvii, Chart 2, p. 899.) 


of the internal secretory mechanism of the sex glands acts indepen- 
dently or only through its effect upon growth, can only be decided by 
experiments upon animals. The latest experiments of this kind by 
Murlin and Bailey”® support the view of Richter that in the female 
at least there is an independent effect quite outside the effect upon 
muscular rest. The tendency to obesity following the menopause 
in women is to be explained, therefore, as due to the absence of a 
stimulus which was present so long as the ovary was active. Removal 
of the ovary has the same effect. The falling metabolism of old age 
is to be explained in part by the tendency to reduce muscular effort 
‘of all sorts to a minimum, this, in turn, being traceable probably to 
the absence of internal stimuli, whether reflex or chemical. The 
deposit of calcareous material in certain organs, which so frequently 
accompanies old age, may also of itself reduce their metabolic activity. 

Statistically studied, the decrease in total heat production per 
24 hours for each year of age is, according to Harris and Benedict,” 
7.15 calories for their series of 136 adult men. For the 103 women 
it is 2.29 calories for each year of adult life. Upon the basis of a unit of 
body surface, the correlations with age “are of a more strongly negative 
character than the correlations between age and total heat production,” 
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which means that with each advancing year of life there is a heavier 
decline upon the basis of a square meter of body surface than upon the 
basis of total heat production. This conclusion is in accordance 
with DuBois’s curve, though it does not give exactly the same rate of 
change. Their curves for all adults between 17 and 62 years of age 
are reproduced in Figs. 203, 204. The extreme fluctuations from the 
theoretical mean in the two sex groups are doubtless due to the fact 
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Fic. 203.—Mean daily basal metabolism per kilogram of body weight for men 
and women classified according to age. (Harris and Benedict, Carn. Inst. Publ. 
#279, Wash., D. C., 1919, Diagram 22, p. 120.) 


that a very few individuals only of each sex between 45 and 49 years 
of age have been studied. The closer agreement as between different 
ages upon the basis of surface area than upon the basis of a unit of 
weight is striking. : 

The Influence of Sex.—Impressive also is the difference between 
the two sexes. DuBois*® had already drawn attention to this differ- 
ence in the first curve which he published showing the variation with 
age. His curves for the two sexes ran about the same distance apart 
(7 per cent.) as do the newer ones here reproduced. Twenty years 
ago Magnus-Levy and Falk found the difference between the two 
sexes both in early life and in advanced age about five per cent., but 
were of the opinion that in adult life the two sexes maintain about the 
same metabolism, consideration being had to difference in size and age. 
Harris and Benedict have analyzed the results of metabolism studies 
on the two sexes very exhaustively, making correction for body weight, 
body surface, age, and stature, and find that on every basis the metabo- 
lism for the woman is lower than that of men. Even when the theo- 
retical heat production of the woman is calculated by inserting their 
actual physical measurements in equations based on the series of men 
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(regarding the woman, that is, as a man of the size of the woman) 
the actual heat production is generally lower than the theoretical. : 
Larger women show a relatively larger deficiency than smaller ones and 
the Suggestion is made by the authors that the body weight is the 
primary factor in determining the deficiency. ‘The most critical 
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Fre. 204.—Mean daily basal metabolism per square meter of body surface for 
men and women classified according to age. (Harris and Benedict, Carn. Inst. 
Publ. #279, Wash., D. C., 1919, Diagram #22, p. 120.) 


test shows that when body weight, stature, and age are taken into 
account, women show about 6.2 per cent. lower metabolism than 
men.’’?° The same sort of analysis made for newborn infants taken 
entirely from the Benedict and Talbot series indicates, according to 
Harris and Benedict, that there is no differentiation of sex in total 


_ metabolism. 
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Metabolism Before Birth.—Differences in Metabolism Be- 
tween Growing and Mature Cells.—It is already clear that the chemical 
processes by which the living substance is maintained are not identical 
with those by which it is originally produced. We know, for example, 
that growth and division of the nuclei are essential in the production . 
of new tissues, while the mere replenishment of cell materials, such as 
is taking place continually on a small scale or such as may take place 
in convalescence on a large scale, may go on without division of the 
nucleus. Since it is known that the nucleus is essential to processes 
of intracellular digestion,!®” it is possible that the nucleus plays some 
essential réle in this process of replenishment; but the fact that the 
nucleus itself does not grow and divide under these circumstances,’ 
together with the fact that its reactions and constitution are known to 
be different from those of the cytoplasm, makes it very probable that 
growth involves chemical processes not concerned in the replenishment 
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_which follows ordinary waste or that which follows extraordinary waste 
in diseased conditions. Rubner!** has drawn attention to the fact that 
the maintenance tendency is of primary importance even in the young 
organism, since the ‘‘wear and tear” quota (Abnutzungsquote) must 
be satisfied before growth (post-embryonic) of the organism as a whole 
can assert itself. If we assume that the every-day repair concerns 
mainly the cytoplasm, except where cells are actually being destroyed, 
Rubner’s view might be interpreted to mean that the processes in the 
nucleus which result in its growth and division can take place, even in 
the young organism, only under certain optimum nutritive conditions 
of the cytoplasm. 

There is no reason for thinking that the mechanism by which energy 
is liberated in young cells is different from that which performs the 
same service in mature cells. The living substance of all cells (with 
the exception of the anaerobic forms) is dependent upon some power, 
call it the ‘activation of oxygen,’’ whereby oxygen becomes capable of 
uniting with the elements of the soluble foodstuffs at a temperature 
much below the ordinary kindling temperature. We need not delay 
to discuss more than one of the different theories which have been 
advanced to account for this ‘‘activation.”’ 

Warburg’s2” observation that fertilized sea urchin eggs absorb 
six to seven times as much oxygen in the same length of time as do 
unfertilized eggs, lends weight to the view that oxygen is in some way 
essential to the growth process, but his further observation that there 
was no proportion between the amount of oxygen absorbed and the 
number of nuclei (blastomeres) present, and that still more oxygen was 
absorbed when the eggs were placed in hypertonic solutions and cell 
divisions had ceased,”°! certainly do not favor the idea that oxygen 
absorption is dependent upon nuclear activity. This is in accordance 
with Rubner’s!*! view that the morphological changes in the nucleus 
accompanying cell division are the expression of synthetic processes 
rather than of the destructive processes of oxidation. 

Warburg’s View as to the Significance of Oxidation.—Bayliss? 
explains the chemical process of oxidation in the cell as follows: “‘Some 
autoxidizable substance in the cell takes up molecular oxygen, with the 
formation of peroxides and activation of half the oxygen. The other 
half of the oxygen serves for complete oxidation of part of the autoxidiz- 
able substance. These peroxides are acted upon by peroxidase, with 
further increase of active oxygen, which is able to bring about oxi- 
dation of substances not autoxidizable and otherwise difficult of oxi- 
dation.”’ The structure of the cell, however, also plays a part. For 
example, according to Warburg,’* in a muscle cell a much larger part 
of the chemical energy appears as free energy than if the cell is dis- 
integrated. é The arrangements within the cell which we call cell 
structure ‘“‘in some way catch the chemical energy of the oxidation 
processes before it has fallen to the state of free heat.” It is by such 
arrangements or structure that the work of a contracting, a secreting, 
an absorbing cell, etc., is carried on. 
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Even in cells which do no external work or osmotic work, however, 
structure is important for oxidation. Thus, in the unfertilized eggs 
of the sea urchin, Warburg and Meyerhof have shown that the addi- 
tion of iron salts increases oxidation very perceptibly. Salts of no other 
metal do this. Iron, in other words, is a catalyst for oxidation. Now 
the significance of structure, (alveolar, if we please), as Warburg sees 
it, is just this, that it affords surfaces for the condensation of the 
catalyst and thereby puts it to work. 

But why should energy be set free in cells that do no work? War- 
burg’s answer to this is that the liberation of energy by oxidation pre- 
serves the structure, or the integrity, if one will, of the living substance. 
If cell constituents are to be prevented from mixing freely, diffusion 
surfaces must be maintained, and the maintenance of their semi- 
permeable properties calls for a certain difference of electric charges 
which can only be kept up by the liberation of energy from some 
source. Hence it is that all living substance must respire and must 
liberate a certain amount of free heat. The maintenance of a constant 
temperature would, on this view of the matter, be a fundamental 
property for cells whose structure could be maintained only by a certain 
rate of energy release (p. 522). 

Metabolism of the Embryo.'!*?—Whatever be the explanation from 
the standpoint of the individual cell, there is no doubt that develop- 
ment, in the embryonic stages at least, does occasion a more active pro- 
duction of carbon dioxide per unit of mass than takes place in adult 
tissues. This has been demonstrated by Farkas for the eggs of the 
silkworm, by Bohr for the embryo snake, by Bohr and Hasselbalch, 
and by Hasselbalch alone for the developing, chick, and by Bohr for 
the embryo guinea pig. That this greater evolution of carbon dioxide 
is the expression of a greater liberation of energy also is rendered 
perfectly certain by the calorimetric measurements made by Farkas 
of the heat of combustion of unincubated and incubated silkworm eggs 
and those of Tangl on the eggs of the cadaver fly; by similar measure- 
ments made by Tangl and by Tangl and Mituch on unincubated and 
incubated hen’s eggs; and by the direct calorimetric determination of 
the heat produced in the developing hen’s eggs made by Bohr and 
Hasselbalch.*? 

Bohr and Hasselbalch found on the fifth day of incubation of the 
hen’s egg a production of CO2 amounting to 2,000 c.c. per kg. of embryo 
per hour as against 718 c.c. per kg. and hour for the adult hen (Reg- 
nault and Rieset). The COs production from the eighth to the twenty- 
first day (end), of incubation was only a little greater in the embryo 
than in the adult hen, but was sufficiently high for the authors to feel 
justified in concluding that it was “a condition for the organization 
of the new tissue and not alone for the maintenance of tissues already 
formed.” Grafe,** in reviewing this work, lays special emphasis on the 
fact that the highest energy production takes place at a time when the 
work of differentiation is most active. Bohr had previously supported 
this view with the evidence derived from his study of embryo snakes.** 
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Increasing the temperature from 15 to 27°C. increased the CO2 output 
of an embryo weighing 3.8 gm. about 2.8 times, while the same Increase 
in temperature raised the output of an embryo weighting 0.5 gm. 
exactly four times. The greater increase produced in the younger 
embryo, Bohr believes, was due to the greater change in the intensity 
of the developmental processes. That is, the processes of new forma- 
tion (differentiation) are. more active in the younger stage and it is 
this part of the developmental processes which is responsible for the 
more active metabolism. 

Tangl’s results on the hen’s eggs indicate an average heat pro- 
duction for the entire incubation period of 100 calories per kg. per 
day as against 71 calories per kg. per day (at 18 to 20°) for the 
adult hen found by E. Voit,'9? an increase of 41.3 per cent. Tangl 
concludes that the energy required for development (Entwickelung- 
sarbeit) is considerably greater than that required for mere maintenance 
of the adult organism (Erhaltungsarbeit). The difference he desig- 
nates as Bildungsarbeit.!9 Bohr’s findings on the pregnant guinea pig 


‘are not so convincing. The average production of CO: in the embryo* 


he found to be 509 ¢c.c. per kg. and hour; that of the mother 462 c.c. 
per kg. and hour—an increase of only 10 per cent. Granted that the 
conditions of heat loss were the same in the two, which is doubtful, the 
amount of metabolism which could be ascribed to any developmental 


process as opposed to the maintenance processes would be very small. 


Rubner'*! believes that the law of surface area is applicable to the 
embryo. He calculates that the metabolism of the newborn mammal, 
assuming its weight to be 8 per cent. of its mother, would be nearly 
double as much per kilogram and hour as that of the mother.t 

Because the embryo is less active in every way than the newborn, 
its metabolism per unit of weight should be considerably less than this, 
which indeed the results of Bohr and Tang] show to be the case. 
Rubner explains the higher metabolism of the embryo per unit of 
weight, therefore, as due not to any specific requirement for develop- 
mental energy, but entirely to the greater loss of heat by the relatively 
greater surface. He is obliged, however, to eliminate the first four- 
tenths of the embryonic life from the operation of this law, because with- 
in that period the embryo is of no appreciable size as compared with the 
mother. On the basis of the average composition of living substance 
in mammals and using seven-tenths of the metabolism of the newborn 
as the rate for the embryo, Rubner calculates that for the remaining 
six-tenths of the gestation period the ‘‘growth quota” of the embryo 
in most mammals is from 38 to 40 per cent. of the energy supplied, as 
compared with 34 per cent. for extra-uterine life. In other words, for 
each calorie of heat value stored in the newborn, nearly two calories 


* Estimated by noting the difference in the output of the mother, under 
anesthesia and immersed in a warm bath, when the umbilicus of a single embryo 
was clamped off. 

+ From some unpublished experiments on individual newborn pups, performed 
some years ago, the writer is able to confirm this prediction approximately. 
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of energy must be expended, while for each calorie deposited in the 
embryo only one and one-half calories need be expended (on the basis 
of 40 per cent.). We shall see that the higher metabolism of the embryo 
and fetus is continuous with that of the newborn. 

Respiratory Quotient of the Embryo.!22—The qualitative differences 
in the metabolism of the embryo from that of the adult depend on the 
kind of food material supplied by the mother in the egg (oviparous 
development) or by the circulation (viviparous) for the nutrition of{the 
embryo. A hen’s egg contains no carbohydrate; hence the respiratory 
quotient in development of the chick can never be greater than 0.78 
(pp. 534 and 574). The chemical studies of Liebermann, the calori- 
metric determinations of the heat of combustion by Tangl and the 
metabolism studies (using both the direct and the indirect methods) 
by Bohr and Hasselbalch all agree in showing that the material oxidized 
in the development of the chick is fat. Liebermann believed that 
some nitrogen was lost, but both Hasselbalch and Tangl and Mituch 
have shown that this is incorrect. The nitrogenous building material 
is not used as a source of energy. 

The source of energy for the silkworm embryo, according to the 
chemical studies of Tichomiroff and the respiration experiments of 
Farkas; for the blow-fly embryo according to the respiration experi- 
ments of Weinland; and for the cadaver fly according to the calori- 
metric determination of Tangl is likewise mainly fat. No nitrogen is 
lost in gaseous form during the development of any of these insects, but.a 
portion of the energy (according to Farkas approximately one-third) 
arises from the oxidation of proteins to uric acid. Both Tichomiroff 
for the silkworm egg and Weinland for the blow-fly recorded a reduc- 
tion of the glycogen content of the egg, but Weinland believes this may 
have been converted to chitin. There is no evidence, he says, that 
glycogen has served as a source of energy. 

Our information as to what material is the source of energy for the 
mammalian embryo is extremely scanty. Cohnstein and Zuntz ana- 
lyzed the blood in the unbilical artery and vein of the sheep embryo 
for oxygen and carbon dioxide, and noted a difference of 4.67 vols, per 
cent. Qe and 4.72 vols. per cent. COs, in one case and 4.0 vols. per cent. 
O, and 6.5 vols. per cent. COz in another. These figures would give 
respiratory quotients of 1.01 and 1.6 respectively, for the two embryos. 
It is doubtful whether these figures are to be trusted, since on the basis 
of the same analyses the authors claim a metabolism for the embryo of 
only one-fourth to one-sixth as much per unit of weight as for the 
mother, The quotients agree, however, with those found by Bohr on 
the embryo of the guinea pig. Bohr took the difference between the 
exchange of the pregnant animal (after operation under total gaseous 
anesthesia and immersed in a warm bath) before and after clamping off 
asingle umbilicus. The respiratory quotient indicated for the embryo 
was always in the neighborhood of unity. Oddi and Vicarelli report 
also a progressive increase in the respiratory quotient in the course of 
pregnancy in the mouse. According to these observations, therefore, 


556 PHYSIOLOGY OF METABOLISM IN INFANCY AND CHILDHOOD 


the most diffusible of the foodstuffs, the one most readily passed through 
the placenta, is probably the source of energy for the mammalian 
embryo. There is no satisfactory evidence as yet that proteins par- 
ticipate to any considerable extent in furnishing such energy. ; 

We shall see that the R. Q. of the newborn infant is to be explained 
from the standpoint of the abundance of diffusible materials reaching 
the fetal circulation during birth. 

Energy Metabolism Immediately Before Birth——The. metabolism 

of the fetus immediately before birth has not been determined in- 
dependently, but only in connection with that of the expectant mother. 
It is proper to inquire in this connection, however, what share of the 
extra metabolism of pregnancy is borne by the fetus, and particularly 
whether the extra metabolism is proportional to the number or the 
weight of the newborn. New points of view may also be gained 
regarding the relation of postpartum metabolism of mother and child 
to antepartum metabolism of mother and fetus. 

With the dog, Murlin!”? was able to show that the extra heat pro- 
duction of mother and offspring just before parturition was very nearly 
proportional to the weight of newborn pups delivered three days later. 
It was impossible to record the metabolism nearer to parturition than 
this on account of the restlessness of the dog. Quite fortunately it 
happened that the same dog gave two litters, one consisting of a single 
pup, the other of five pups. Comparing the total metabolism on the 
third day before parturition in the two pregnancies with that of the 
dog in sexual rest after lactation had been stopped, it was found that 
the extra energy metabolism at the culmination of pregnancy for the 
one pup was (551.3 — 505.3 = ) 46 calories or 164 calories per kilo- 
gram of the single newborn pup; and (763.8 — 505.3 = ) 258.5 
calories or 165 calories per kg. for the five newborn pups. In other 
words, the extra metabolism was very nearly proportional to the weight 
of the newborn. 

46 cal.:258.5 cal.::280 gm.:1,560 gm. 


It should be emphasized that the temperature of the cage was the 
same on the several days compared, that the mother dog was trained 
to lie perfectly still, and finally that the diet was exactly the same in 
weight and composition on all these days. 

It is interesting to observe that the extra metabolism necessary 
to maintain the embryo (and all accessory structures of the mother’s 
body) at a time when the pregnancy is at its highest phase is very 
nearly equal to the amount which the newborn of the same weight 
would theoretically produce (according to the law of surface), the first 
day after delivery, if exposed to ordinary room temperature and if 
resting. Taking the curve which Rubner gives, on the basis of 
Hensen’s figures, as representing the rate of growth of the guinea 
pig embryo in a gestation period of almost the same length as that 
of the dog (67 instead of 63 days),!*! we may calculate that the single 
pup which weighed 280 gm. at birth would have weighed 240 gm. 
three days before birth, and the average weight of the five pups (320 
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TaBLeE 4.—Enercy METABOLISM BEFORE AND AFTER PARTURITION CoMPARED 
witH Sexuat Rest. ReEsuiTs CaLcuLaTep ror 24 Hours 


First pregnancy 


; ‘alori 
Calories, total energy Calories, energy per 


Weight | Temper- kilogram 
Day from parturition in kilo- | ature of 
gram cage Pro- Re- 
In food RuveduUasinad In food | Produced 
Third before (June 23)...... Wel4c5 28.0°C. | 907.4 | 551.3 | 356.1 62.5 38.0 
Parturition (June 26)....... One pup born: weight, 280 gm. 


Sexual rest, after lactation 


Three weeks after parturition 
(halls erence ee | 18.78 28.1°C. 907.4 | 505.3 | 40.21 66.5 35.9 
Second pregnancy 
| | 
Third before (Dec. 11)......) 16.86 Zia Ge 907.4 | 763.8 | 143.6 53.8 45.8 


Parturition (Dec. 14)....... | Five pups born: weight 1560 gm. 
| 


gm. at birth) would have been 280 gm. three days before. Using 
Meeh’s formula and Rubner’s average figure for the metabolism of 
the dog per square meter of surface, the metabolism of the single 
pup at 240 gm. would be 11.2+//(240)2 X 0.1050 = 45.4 calories and 
of the average pup of the five at 280 gm. 11.2+//(280)’ X 0.1050 = 50.33 
calories. Thus: 


CALORIES 

Extra metabolism of a dog pregnant with a pup of........... 240 gm. = 46.0 
Theoretical metabolism of a pup of 240 gm. at rest and at 

TOOMMOHIPECTAUUTC oe Hk ee te tie he certs ort a lls nS 45.4 
Extra metabolism of a dog pregnant with five pups weighing 

CEES 0 Nee ee erent eer ete. SeyeaR APSA hs ae 1400 gm. = 258.5 


Theoretical metabolism of five pups weighing 280 gm. each at 
Mestand ah TOOMY tempera ture ptr tracte Acts .< 2-56 Hels wees 251.6 


If this law of surface area is applicable to the embryo and the 
newborn, as Rubner believes it is, we may conclude that the metabo- 
lism of the uterus, mamme, etc., would exactly compensate for the 
difference between the metabolism of the newborn at room temperature 
and the metabolism of the embryo at the temperature of the mother’s 
body. In other words, the curve of total metabolism of mother and 
offspring would scarcely suffer any interruption at birth, if mother 
and offspring after birth could be kept sufficiently quiet for the demon- 
stration. If this generalization should be true of the human mother 
and her offspring it would be a matter of considerable interest and 
importance. 

To secure proper conditions for this inquiry, the problem was 
taken to the Nutrition Laboratory of the Carnegie Institution in 
Boston, where a bed calorimeter had been perfected large enough to 
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contain the mother and child. Three subjects were studied.*® The 
metabolism of the pregnant woman was determined a number of times 
throughout the last two or three weeks, and similar determinations 


1 Meter 


F1a. 205.—Cross section of bed calorimeter. (Benedict and Carpenter, Carn.Inst. 
Publ. No. 123, Wash., D. C., 1910, Fig. 26, p. 46.) 


were made upon the mother and child as well as upon the mother 
alone after parturition. A table showing the comparative results is 
given below. 


Taste 5.—EnerGy MeErtTaBouismM oF MoTHER AND CHILD TOGETHER BEFORE 
AND AFTER PARTURITION 


2 Energy production 
R t h : . 
alg amore Calories per hour 
' | | 
Case as | yg | d 
Na 4 = : 
Mean of all days before and after delivery | fat : s MA 
& a) 2 be & 
ov 2 S = 
of os] * i = o | 
re fe tS) Ss A 
wee} & 2la3itia | # 
s st oo is} 4 S | o 
oo5§ Oo & e@|1aA A 3 5 
zaS| S ni l il i 
Oo >) fe=} 3 | & 
Case 1. 
Ist, 4th, and 6th days before delivery....... BG, ¢o| 21.0 | 18.4 (0.85/60.0\61.3) 60.7 
2d, Sth, 12th, 14th and 17th after delivery...) 36.9 | 20.2 | 18.5 |0.80/61.2/61.2) 61.2 | -+0.387 
Case 2. | 
13th, 17th, 19th, 20th, and 22nd before 
LOLLY OLY Myelin ss) tistanrats Fare inc tui eee | 36. 68} 22.3 | 19.6 |0.83/63.6|65.9) 64.7 
2d, 5th, and 11th after delivery.............| 36.8 | 21.7 | 20.4 |0.78/71.1/67.5 69.3 |+7.1 
Case 3. | 
1st, 3d, 17th, 21st, and 24th before delivery..| 36.64) 23.9 | 20.2 |0.86/72.2 68.7| 70.6 
4th, 8th, and 11th after delivery. ...........] 37.23} 23.1 | 20.3 |0.81/70.8/68.6| 69.7 |—0.9 
| | | 
ee ea 
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The energy production expressed in absolute figures in both cases 
1 and 3 is the same after as before parturition. In case 2 there was an 
increase of about 7 per cent. in the postpartum over the antepartum 
metabolism. This can be accounted for by the fact that the child 
cried lustily at times on two out of three postpartum days and the 
crying disturbed the mother. One is justified, therefore, in the conclu- 
sion that the total metabolism of mother and child immediately after 
birth of the child is not greater in absolute amount than it was:imme- 
diately before delivery. The extra metabolism of pregnancy, at its 
culmination, due in part to the activity of the accessory maternal 
structures as well as to the fetus, as in the dog, is just compensated 
by an extra metabolism set up in the newborn as it begins an inde- 
pendent existence. 

It is certain from these experiments that the newborn child sets 
out upon its career under a stimulus which causes its metabolism 
to be augmented very materially. How the metabolism is further 
accelerated within the first few weeks of life we shall see later. 

Energy Metabolism of the Newborn.—Because of its practical 
importance, this topic must be prefaced with a discussion of the 
methods employed in the study of infant metabolism. 

Four methods have been chiefly employed in the observations 
upon newborn infants: one of them German in origin, the other three 
French. The German method is that of Pettenkofer and Voit (p. 533) 
with a smaller chamber and adapted in other ways for use with an 
infant. It has been employed with the newborn by Birk and Edel- 
stein?® and by Rubner and Langstein.'®° For use with an infant the 
chamber may be warmed artifically or the infant may be protected 
by clothing. The chamber is ventilated with a generous current of 
air and the carbon dioxide given off by the subject is found by sub- 
tracting the CO: content of the ingoing air from that of the outgoing 
air. Naturally the entire volume of air is not analyzed, but only aliquot 
samples continuously taken. The heat production by this method is 
based upon the carbon dixoide production. Water is absorbed from 
ingoing and outgoing air in sulphuric acid and pumice stone. In the 
hands of skillful investigators the method has given useful information 
especially as regards water elimination, but it is open to two main 
objections: namely, that it is difficult to employ short periods, and 
the determination of oxygen absorption is not possible. 

The first French method is that originally devised by Regnault 
and Rieset!#* in 1849. It consists essentially of an air-tight chamber 
in which the subject is confined, and of devices for supplying oxygen 
as rapidly as it is absorbed, and for taking up the CO; as rapidly as it 
is produced. In its original form oxygen was supplied by displacement 
of water under very moderate pressure from flasks, and the CO2 was ab- 
sorbed in liquid alkali. In later modifications oxygen is supplied from 
a high pressure bomb or tank, the pressure being suitably reduced by 
a valve and ingress of the gas regulated by some automatic device. 
Carbon dioxide is absorbed in all modern constructions by soda lime. 
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The method of Regnault and Rieset is known as the closed-circuit 
method, as opposed to the open-circuit method of Pettenkofer and 
Voit. The entire circuit consisting of chamber and absorbers must 
be air-tight and the air is. kept in motion by a positive blower, its 
deficiency in oxygen being made up by admission of the gas from 
outside as the CO. is combined chemically with the soda lime and 
thereby withdrawn. This type of ventilation was adapted to the 
calorimeter of Atwater and Rosa, originally built for the open-circuit 
type, by Atwater and Benedict.’ . A small calorimeter of this type 
for the study of the metabolism of infants was erected at Cornell 
University Medical College by H. B. Williams in 1910. Experiments 
with this apparatus upon babies by Howland®* having demonstrated 
that the metabolism as directly measured in the form of heat differed 
from the metabolism calculated (indirect method) by only a very 
small amount, this apparatus has remained the only one of its kind 
to date, other constructions depending upon the indirect method 
only. 

The essential features of a respiration apparatus for determination 
of the energy metabolism by the indirect method are: (1) Some means 
of maintaining a constant temperature and of varying the same at 
will; (2) some means of recording the muscular activity of the subject, 
also the pulse and respiration at will, and (3) a method of determining 
the residual analyses of the air at the end of each period. An appa- 
ratus constructed in the Massachusetts General Hospital by the ° 
Nutrition Laboratory of the Carnegie Institution fulfills these require- 
ments in the main, and has been used in an extended series of obser- 
vations on newborn and older infants by Benedict and Talbot.??-71:78 

Benedict Apparatus.—This apparatus was originally described 
by the authors” in a preliminary publication in 1912. Later it was 
somewhat modified and was employed in most of the observations in 
the form shown in Fig. 206. In this form it was capable of deter- 
mining the oxygen directly on exactly the same principle as that 
described above for the respiration calorimeter. 

- The chamber, C, in which the infant reposes, is provided with a water jacket, 
WW for temperature control. The air leaves the chamber near the right-hand 
end at O, and is drawn by the rotary pump over a wet- and dry-bulb thermometer, 
Z, which gives the amount of moisture in the air of the chamber. A can, N, filled 
with dry cotton batting is also placed in the air-current between the blower and 
the chamber to act as a muffler. After leaving the exhaust side of the blower, P, 
the air is forced through an empty glass bottle, A, which serves as a trap should 
any back-pressure take place and sulphuric acid be foreed back from the water- 
absorbing vessels B and C. These latter vessels are of peculiar construction. 
They were designed by Williams?" for the small respiration calorimeter at Cornell. 
The air passes along a pipe to a two-way valve, V1, where it may be deflected through 
either of the soda-lime bottles D, or Ds in which the carbon dioxide is absorbed. 
Since the reagent must be somewhat moist to facilitate the absorption it gives up 
water-vapor to the dry air-current, which must in time be absorbed by sulphuric 
acid in the Williams bottles EZ; or Hy. -The air next passes through the two-way 
valve, V2, and enters a small can, /’, which contains dry sodium bicarbonate, where 


the unweighable and nearly imperceptible sulphuric acid odors are effectually 
removed. The air then returns to the chamber through the by-pass, J, or, if it is 
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desired to moisten the air, the current can be deflected by closing the valve, R, in 
the by-pass, J, so as to pass all of the air through distilled water in the Williams 
bottle, K. The air is now free from carbon dioxide and contains the water-vapor 
added in passing through K, but is still deficient in oxygen. This deficiency 


. is made up by admitting oxygen from the pressure cylinder, L. The air thus 


enters the respiration chamber, J, somewhat moist and with approximately the 
normal percentage of oxygen. ; 

Either series of absorbers may be used as desired, for if the air current has been 
passing through the series D, and E, for a given experimental period, the air can 
be instantly deflected through the series D, and E. by turning the valves V; and V». 
These valves are connected by a long rod so that they may be thrown simulta- 
neously by one movement of the hand. 


2 ia SB = Si = OS 
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Fig. 206.—Detailed scheme of respiration apparatus for infants. (Benedict 
and Talbot.) C, chamber; W, W, water jacket; O, outgoing air-pipe; Z, psychrom- 
eter; N, muffler; P, blower; A, acid trap; B and C, Williams water-absorbers; 
V; and Vo, 2-way valves; D; and D2, carbon-dioxide absorbers; HE; and H., air- 
dryers; F, sodium bicarbonate can; J, by-pass; R, valve; K, air moistener; L, 
oxygen cylinder; J, ingoing air-pipe; S, spirometer; T; and 7», thermometers; 
M, manometer; U, spiral spring; H, pneumograph. (Carn. Inst. Publ. No. 201, 
Wash., D. C., 1914, Fig. 2, p. 35.) 


Since the air-current is entirely closed a small spirometer, S, is attached at the 
upper right-hand corner of the respiration chamber, thus providing for an expansion 
or contraction of the air. A thermometer, 7’, in the cover of the chamber and a 
second thermometer, 72, in the outgoing air serve to indicate the temperature 
changes, while the manometer, M, shown below the spirometer indicates the pres- 
sure of the air in the chamber. 

By noting the increase in weight of the absorbers, D; and EF; or Dz and Fa, 
the amount of CO, absorbed is known. It is possible that the amount of water 
vapor given up by D; or D: to the dry air passing through it may be actually more 
than tHe amount of carbon dioxide absorbed, or that the bottle, D, or D2, may be 
losing weight; on the contrary, the water-vapor given up is immediately absorbed 
by, Z, and hence the algebraic sum of the difference in weight of the two bottles 
gives the weight of the carbon dioxide absorbed. Usually both bottles are weighed 
on a balance at the same time. The loss in weight of the cylinder, L, gives the 
amount of oxygen absorbed by the subject, corrections being made for any varia~ 
tions in temperature and barometric pressure. Corrections for changes in com- 
position of air inside the chamber may be made by withdrawing samples through a 
by-pass not shown in the figure. 

Vou. I—36 : 
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The infant is placed inside a wire crib supported at one end upon a stout 
spiral spring, U, and at the other end upon a knife edge, G; this mode of suspension 
affords a means of recording the muscular activity of the infant. Alongside the 
spring, U, is a pneumograph, H, the distention or contraction of which compresses 
the air inside of the pneumograph tube, thus transmitting to a delicate tambour 
outside a record of the lightest motion of the cage. This method is more fully 
described later on p. 625. 

The respiration chamber is constructed of galvanized iron or copper, and is 
77 cm. long, 25 em. deep, and 37 em. wide. To insure temperature control, 
the whole respiration chamber is surrounded by a water jacket consisting of a 
second shell of galvanized iron or copper with a space of 5 cm. between the two 
walls. The water jacket which is filled with water to within a few centimeters of 
the top acts also as a seal when the cover is placed upon the apparatus. In the 
cover are a window securely fastened and an opening for the air thermometer. 

The psychrometer is essential for indicating the degree of moisture inside 
the respiration chamber. This is of value not only for the comfort of the infant, 
but also for computing the amount of oxygen inside the chamber at the end of the 
experimental period. Experiments carried out with a very delicate instrument 
have shown that the depression of the wet-bulb thermometer can be measured with 
great accuracy and the amount of water-vapor in the air computed with an exact- 
ness sufficient for all practical purposes. The two thermometers are graduated 
in 0.1°C. and are capable of being read with a lens to 0.01°C. It is necessary to 
make sure that the cloth around the wet-bulb thermometer is kept thoroughly 
drenched with distilled water, also that the capillarity of the fiber is good as other- 
wise the cloth may become partially dried and inaccurate results obtained. Prior 
to each experiment the wet bulb is drenched by using an elongated medicine drop- 
per filled with distilled water. 

The blower, P, is connected with a leather belt to a small electric motor and can 
be provided with a safety clutch to prevent reversing the wheel through careless- 
ness, and the drawing over of sulphuric from the water absorbers. The safety 
trap, A, is an additional security against this mishap. The blower used with this 
apparatus gives a ventilation of about 35 litres of air per minute when rotating 
at a speed of 270 r.p.m. Experiment with an alcohol flame shows that this rate 
of ventilation does not produce a draft which would be perceptible by the infant. 
The fact that the relative humidity does not become unduly low, even without use 
of the water bottle AK, is proof that the infant is sojourning in an atmosphere 
approximately normal. 

To remove the moisture coming from the lungs and skin of the infant, and any 
additional moisture from water bottle K, one large-sized Williams bottle, B, is 
usually sufficient. However, a second bottle, C, removes the last traces of ater 
vapor. To facilitate the handling of these bottles in weighing and to prevent 
breakage, they are usually enclosed in a small wire basket with a handle by means 
of which they may be suspended directly from a hook on the arm of the balance. 

The Williams bottles as well as the soda-lime bottles are fitted with short 

lengths of rubber tubing of good quality to which are attached respectively male 
and female parts of ordinary garden hose couplings of standard three-fourth inch 
size; with a standard rubber hose gasket, the couplings are made air-tight by a single 
twist of the hand. 
P For infants weighing not less than 3 to 5 kg. the soda-lime container holding 
in the neighborhood of 2 kg. soda-lime is capable of absorbing all the carbon 
dioxide. This amount of soda-lime will take up as much as 75 gm. CO, without 
renewal. 

The direct determination of oxygen may be made either by weighing the 
small cylinder of gas, L, and noting its loss in weight during the experiment, or 
by passing the gas, under reduced pressure, through a delicate and accurate ‘gas 
meter. The volume of air inside the respiration chamber is about 75 liters. Cor- 
aeniion por Lear aS ee = jeer necessary in order to determine the 
calibrated mercury thermamatens one in this over oP Deane fey 

; e cover of the chamber, the other the 
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dry-bulb thermometer of the psychrometer, are used to record such changes. 
While the two thermometers rarely read alike, their fluctuations are usually 
parallel. The average of the readings of the two is taken as representing the 
average temperature of the air in the chamber. : 

It is important that the respiration chamber shall not be subjected to sudden 
fluctuations of temperature during the experimental periods. The water jacket 
serves to damp any changes in the room temperature, and by supplying either 
heat or cold to maintain the chamber at a temperature either above or below that 
of theroom. During cold weather a mercury thermo-regulator placed in the water 
and connected with a small burner placed underneath. secures a constant tempera- 
ture which may be regulated at any desired level. In the excessively warm days of 
summer, it is necessary to place ice in the water tank. 


E 


Fic. 207.—Respiration apparatus for infants. (Murlin.) Sp, spirometer; 
T, thermometers; O, oxygen cylinder; R, residual system; Tr, traps; Bl, blower; 
Ab, absorbers; St, storage battery; I, ice tank; p, pipe from blower to residual 
system; ee, cooling coil. (Original.) 

An apparatus devised by the writer!” and constructed for use in 
Bellevue Hospital, New York, follows the same general principles as 
that just described, but employs as a means of controlling the tem- 
perature the electrically heated and regulated incubator or, Hreas.<2 
For this reason it has been described as a “‘respiration incubator” and 
can be used as an incubator for premature infants independently of its 
features as a metabolism machine. 

Description of Author’s Apparatus.—The regular plan of con- 
struction of the Freas air thermostat was departed from in a few par- 
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ticulars. For example, it was necessary to have a considerable number 
of openings through the wall for the passage of the ventilating pipes 
and cooling-coil, the introduction of thermometers, the connection of 
the oxygen regulator, etc. The range of temperature was fixed at 
from 20 to 50°C., the capacity of the heater being limited to 200 watts. 
The glass doors were made as large as the front end, thus permitting 
plenty of light to enter, and were provided with strips of felt so as to 


make the closure practically air-tight. 

The Respiration Chamber.—The chamber shown inside the incubator measures 
30 by 32 by 76 cm. inside. It was made of 14-ounce tinned copper, strongly 
lock-jointed and soldered, and was rimmed at the front end by a heavy brass 
casting. Another casting of the same dimensions was made as a frame for the glass 
head or door of the chamber (seen on the shelf in Fig. 207). The glass is held 
in place by litharge cement covered with heavy wax and a coat of white lead. 
A heavy rubber gasket is cemented to the brass rim, and a perfectly air-tight 
closure of the chamber is secured by clamping the frame of the head firmly against 
this gasket by means of 12 L-shaped steel bolts, which engage the back side of the 
brass rim. The chamber is mounted on wooden runners and is strongly reinforced 
by means of three galvanized iron ribs girthing it at equal intervals from front to 
back. Pressure changes inside or outside the chamber, therefore, do not alter its 
volume. Since the incubator measures 46 by 48 by 100 cm. inside, a space 7.5 cm. 
wide is left on all sides of the chamber. 

Ventilation and Measurement of Respiratory Exchange.—The ventilation 
of the respiration chamber is accomplished by means of a Benedict ‘universal 
respiration apparatus,’’!4 connected to it by means of wide rubber tubing and one- 
half inch brass pipes. The brass pipes are screwed into strong brass bushings 
soldered to the copper wall. The inlet pipe enters at the upper back corner of the 
chamber on the right side and the outlet is connected with the lower front corner 
on the left (Fig. 207). Thermometers* are admitted to the inlet and outlet pipes 
by means of T-joints. ; 

The Absorber System.—The Benedict apparatus was so constructed that two 
sets of absorbers could be connected at once and the change from one set to another 
is accomplished with a single lever operating both valves. Each set of absorbers 
consists of two soda-lime jars for absorption of carbon dioxide and a sulphuric acid 
absorber for catching the water lost from the soda lime. Each of these absorbers 
is small enough to be weighed (separately) on a balance sensitive to 0.001 gm. 
The soda-lime absorbers are made on the plan adopted for the absorbers used with 
the Sage calorimeter in Bellevue Hospital.!47 The sulphuric acid absorber is the 
gas washing bottle designed by Williams.?°* Immediately following the sulphuric 
acid absorber is a brass tower (Fig. 207) containing sponges kept moist with 
very dilute sodium hydroxid solution, which serves the double purpose of imparting 
a slight amount of moisture to the air and of arresting any traces of acid fumes 
which may come from the drying bottle. 

Since the water given off from the lungs of the child does not enter into the 
computation of the heat production by the indirect method (except as this water 
may affect the volume of the oxygen admitted), the absorbers used in the collec- 
tion of this water are not weighed. They consist of two Williams bottles placed 
in series after the blower on the under part of the absorber table. A brass trap 
of a capacity about equal to the amount of the sulphuric acid contained in the first 
Williams bottle, is introduced for the safety of the blower. A bicycle coaster 
brake on the large pulley of the blower makes it impossible to turn the blower 
the wrong way; but the trap would catch any acid which might be drawn back b 
sudden blockade of the air-circuit at any point. : 

The Residual System.—The measurement of the oxygen absorbed by the 


*More recently electrical resistance thermometers b i 
: , a ave been introd 
reading the temperature of the air. uced for 
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child is based on the general proposition that oxygen be admitted to the air-circuit 
just as rapidly as it is used. This presupposes that the respiratory products 
should be absorbed and removed from the air as rapidly as they are produced. 
The efficiency of the absorbers is such that as far as the welfare of the child is 
concerned the ventilation is perfect. Neither carbon dioxide nor water-vapor can 
accumulate to any appreciable extent. But an absolutely perfect adjustment of 
the rate of ventilation so as to leave the composition of the air exactly the same at 
the end of a period as at the beginning is impossible, especially if the child should 
ery or void urine near the end of the period. Since the admission of oxygen is 
regulated by the total volume of the air (see below) and since this volume will vary 
with the amount of water in it as well as with the temperature and barometric 
pressure, it is necessary to know the composition of the air at the close as well 
as at the beginning of a period. The analysis is carried out by diverting a measured 
sample of air from the main circuit, causing it to flow through a special set of 
absorbers and returning it to the system without loss of anything more than 
the small quantities of carbon dioxid and water contained in it. These analyses 
are called the residuals because they give information as to amounts of the various 
gases residual in the air at definite moments. 

A small copper pipe, p, is tapped into the main circuit on the positive side of the 
blower and is led upward through the top of the table. By turning a stop-cock at 
the base of this pipe a small fraction of the total air-current can be drawn off. 
The residual absorbers! consisting of three U-tubes (Fig. 207, R) (the first con- 
taining sulphuric acid and pumice stone, the second finely granular soda lime, and 
the third sulphuric acid and pumice stone again) are connected to this small pipe 
and the air having passed through them is conveyed to the meter where it is 
measured, thence through a drying-tower (the meter contains water) and back to a 
point in the main system where the pressure is low. 

The U-tubes are weighed to the fourth decimal place before and after drawing 
off the sample. When the amounts of water-vapor and carbon dioxid in this 
measured sample (usually five liters) are known, the total amounts in the entire 
system are readily calculated. By a series of corrections which will be better 
‘understood after the method of conducting an alcohol check is explained, the 
amount of oxygen residual in the air at the time the air sample is taken can also be 
computed. , 

The Oxygen System.—Oxygen is admitted into the ingoing air so that it may be 
thoroughly diffused into the chamber. The amount admitted is regulated by the 
method first described by Benedict and Carpenter!® and as slightly modified by 
Williams?°* in his construction of the baby calorimeter. The essential parts of 
this arrangement consist of a spirometer, Sp, which serves as a tension equalizer 
and volume indicator at the same time (Fig. 207), and a magnet, Mg, which, 
when actuated, releases pressure on a rubber tube leading from the oxygen cylinder 
(Oz, Fig. 207). The spirometer communicates with a respiration chamber by 
means of a brass pipe, and a valve in this pipe permits the spirometer to be shut 
off from the chamber. The oxygen cylinder while in use is suspended from a strong 
hook at the right side of the apparatus conveniently near the magnet. The magnet 
is connected through the mercury cups, Hg, situated on the horizontal arm above 
the magnet, with six dry cells enclosed in a box situated on the shelf of the incubator 
stand. The top or bell of the spirometer is so counterpoised that it responds to 
very slight changes of tension inside the chamber. The pulley over which the 
counterpoise weight is balanced carries contact points which dip into the mercury 
as the bell of the spirometer descends. As the oxygen in the air of the circuit is 
used up by the child the bell descends until the points make contact with the 
mercury. This actuates the magnet and releases pressure on the pure gum tubing 
leading from the oxygen cylinder. Oxygen thereupon enters the circuit until the 
volume is increased sufficiently to break the electric circuit, when pressure is 
again applied to the tubing, thereby shutting off the oxygen; and so on. an 

At the beginning of a period oxygen is let into the system by hand until the 
pointer on the bell of the spirometer rests at a certain mark on the seale. At the 
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end of the period the system is again filled to exactly the same point. If the volume 
of air has not changed (by change of temperature, pressure, or composition of the 
air) the loss in weight of the cylinder would be the amount of oxygen consumed. 
Such changes, however, would be very exceptional; hence all corrections must be 
made for every period. ; 

Oxygen cannot be let into the system by any such automatic arrangement until 
the pressure which exists in the cylinder is reduced to a pressure which the rubber 
tube will withstand. A valve which reduces this pressure to a few pounds per 
square inch is a necessary part of the equipment. 

The Cooling System.—The walls of the incubator being constructed of materials 
having a low coefficient of conductivity, the heat produced by the infant would not 
be conducted away as rapidly as produced, and the temperature inside would rise 
unless the room air were at a very low temperature. To counteract this tendency 
and to furnish a chilling effect against which the heater of the incubator should 
operate, a cooling system was installed. This consists of a coil (Fig. 207, c.c.) of 
copper pipe, }4-inch inside diameter, making several turns on the two sides and the 
top of the inner wall of the incubator and carrying a stream of tap-water. At 
ordinary room temperature and with tap-water coming directly from the mains 
(that is, not warmed unduly by house pipes), it is not necessary to chill the stream. 
It flows, however, through a coil of pipe inside an ice-tank (Fig. 207), and in very 
warm weather the water can easily be kept down to the desired temperature by 
placing ice in contact with the coil. To secure a constant flow the water is given a 
constant head of pressure by passing it through a flush tank, operated by a ball- 
cock, placed near the ceiling of the room. (This tank is too high to be seen in any 
of the figures, but the pipes leading to and from it areseen.) After passing through 
the cooling system the water is conducted back to the sink. ‘ 

A thermometer is placed in the stream of water, and a wheel valve is placed 
near the tank, so that the cooling effect can be regulated to some extent both by 
the amount of ice and by the rate of flow of the water. The thermo-regulator of the 
incubator takes care of the finer regulation. The heater is sufficient to keep the 
space about the respiration chamber at 27°C., even when the water is at 4°C., and 
the rate of flow 400 to 600 c.c. per minute. This would be wasteful of electric 
current, however, and a water temperature of from 10 to 15°C. with a rate of 200 to 
300 c.c. of water is more than sufficient to carry away the heat produced by a year- 
old infant even in very warm weather, unless the infant cries actively. In the 
latter case the speed of water can be increased, or more ice can be introduced, or 
the heater can be turned off. With such a cooling effect as just mentioned, the 
temperature outside the chamber falls very quickly, and within a very few minutes 
also the temperature inside the chamber. 


Heat Control.—If the apparatus is properly constructed it should 
regulate the temperature in the inner chamber nearly perfectly, as 
shown in the following example when the subject was a small black 
dog weighing 4 kg. (Table 6.) 

The air temperature rose 0.6 of a degree during this observation 
and the temperature in the outer air space fluctuated somewhat 
according as the heat happened to be on or off at the moment of read- 
ing; but the temperature inside the inner chamber hardly varied at 
all during the entire hour. 

Control by Combustion of Alcohol——The accuracy of the entire 
apparatus may be checked by the combustion of alcohol in the inner 
chamber and the determination of the “respiratory quotient” of the 
flame. With the alcohol flame it is scarcely necessary to make 
corrections for the residual analyses of the air, for if the flame burns 
uniformly the amount of carbon dioxide found in the air often does 
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not change at all from the beginning to the end of the period. The 
water almost always falls during the first period, and then remains 
constant. 


TaBLE 6.—Huar Conrron, Supsect, Smatu Buack Dog 
a a 
Temperature, | Thermometer 
thermometer | No. 3, inner 
No. 2, between | chamber near 
walls, degrees | center degrees. 


Thermometer 
Time p.m. | No. 1, ingoing 
air, degrees 


Thermometer 
No. 4, outgoing 
air, degrees 


1:50 23.0 27.0 28.1 27.9 
1:55 23.1 27.2 28.1 28.0 
2:00 23.2 27.2 28.1 28.1 
2:05 23.3 27.3 28.1 28.1 
2:10 23.4 27.2 28.1 28.1 
2315 23.5 27.2 28.15 28.1 
2:20 23.5 Sila 28.15 28.1 
2:25 23.5 27.15 28.15 28.1 
2:30 23.5 27.15 28.15 28.1 
2335 23.5 27.1 28.1 28.15 
2 :40 23.5 27.2 28.1 28.1 
2 345 23.6 27.0 28.1 28.1 
2 250 23.6 27.0 28.1 28.1 


An example of a complete check experiment is given showing the 
manner of making all corrections. The same corrections and the 
same methods of calculation are used when the subject is a child. 


Dee. 23, 1913. Alcohol check experiment. 
Contents of respiration chamber—alcohol lamp and bed. 
Vol. of air containing CO2 67 liters 
Vol. of air containmg H.O 66 liters 
Vol. of air containing O2 and N> 69 liters 
First period from 4:52 to 5:52 p. m. 


At 4:52 residual analysis. 
5 liters air contain 0.0178 gm. CO, and 0.0136 gm. H.O 
67 liters air contain 0.238 gm. CO2 (= 0.121 liter) 
66 liters air contain 0.179 gm. H.O (= 0.223 liter) 
To find residual Os. 


Temperature 28.06 C.; barometer 765.1 mm. 


log. 69 = 83885 0.121 liter CO. + 0.223 liter H.O 
= 0.344 liter 
1 
’ = 95740 
log. 7+ 0.00367(28.06) 
765.1 = 00290 
log. “760 79915 = 62.973 liters at 0° and 760 mm. 


less 0.344 liter CO2 and H.O 
62.629 liters O2 and Nz 
Subtracting four-fifths for N» 50.1032 
12.5258 liters Oz 
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At 5:52 residual analysis. . 
5 liters air contain 0.0178 gm. CO: and 0.0136 gm. H:O 


67 liters air contain 0.238 gm. CO: (0.121 liter) 
66 liters air contain 0.129 gm. H2O (0.223 liter) 


To find residual Ox. 
Temperature 28.23 C.; barometer 765.3 mm. 


log. 69 = 83885 
1 
log. 
1 + 0.00367(28.23) 95719 
low, 1653 = 00302 
28: 760 79906 = 62.960 liters at 0° and 760 mm. 


less 0.344 liter CO. and HO 
62.616 liters O. + N 


Subtracting N with which exp’m’t started, 50.1032 
12.5128 liters O2 


“Respiratory Exchange” Period 1 
Gain in weight. of CO: absorbers 4.850 gm. 


Loss in weight of O2 cylinder....... 5.090 gm. 
0.6 per cent..correction for argon = 0.03 gm. 
Loss in weight due to oxygen = 5.060 gm. 


Residual analyses show: (1) no change in CO: of air but (2) amount of Os; is 
less. (12.5258 — 12.5128 = .0130 liter = .0186 gm.) This shows that flame 
used a little more O2 than was admitted; therefore, 5.060 + 0.0186 = 5.079 gm. 
O, actually used. Reducing weights to volume: 


log. weight CO: (4.850 gm.) = 68574 
log. weight to vol. (COQz2) 70680 
39254 = 2.469 liters 
log. weight O2 (5.079) = 70578 
log. weight vol. (O2) = 84496 
55074 = 3.554 liters 


Vol. CO: 2.469 
ReQ Vol. O2 3.554 Odes 
Second period from 5:52 to 6:52. 
At 6:52 residual analysis. 
5 liters air contain 0.0166 gm. CO: and 0.0114 gm. H,O 
67 liters air contain 0.222 gm. CO2 (= 0.113 liter) 
66 liters air contain 0.150 gm. H.O (= 0.187 liter) 
0.113 + 0.187 = 0.300 liter CO. and HO. 


Temperature 28.4 C. Barometer 765.3 mm. 


log. 00 83885 
1 
log. — 95 
°8- 7 + 00367(08.49) ~ 27695 
tow, 7653 
8: 760 = 00,302 


79,882 = 62.924 liters at 0° and 760 mm. 
less 0.300 liter CO: and HO 


: 62.624 liters O2 and N 
Subtracting N2 with which exp’m’t started 50.1032 ; 


12.5208 liters O2 
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“Respiratory Exchange” second period. 

Gain in weight of CO, absorbers 4.968 gm. 

Residual analyses show that CO, in air was less at 6.52 than at 
5.52(0.238 — 0.222 = 0.016) 4.968 gm. 


0.016 
Actual amount of COs: given off = 4.952 gm. = (2.521 liters) 
Loss in weight of O2 cylinder......... 5.500 gm. 
Less 0.6 per cent. for argon........... 0.033 


5.467 gm. 
Residual analyses show more Oy in air at 6.52 than at 5.52 
12.5208 — 12.5128 = 0.0180 liter = 0.026 gm. 


5.467 
0.026 
Actual amount of O, used by flame = 5.441 gm. = (3.807 liters) 
2,021 
R. Q. = —— = 0. 
Q 3.807 O.862 


First period... .0.695 
Second period. .0.662 


Average..... 0.677 Theory 0.666; error 1.6 per cent. 


Not infrequently a perfectly theoretical result may be obtained 
in a single period. Often, however, one period shows a slightly high 
result and the next a correspondingly low result, the mean lying near 
the theoretical value. This in most cases is due to a rise or fall in 
temperature of the chamber air, not correctly recorded by the ther- 
mometers, caused by a movement of the subject. 

Controls with Diabetic Dogs——Dogs completely under the influence 
of phlorhizin or deprived of the pancreas have a total incapacity to 
oxidize glucose. This results in a respiratory quotient which varies 
but slightly from 0.69. The diabetic dog, therefore, is a suitable 
subject for controlling the efficiency of respiration apparatus of this 
type. The following are examples'*4 of the quotients which may be 
expected with dogs which are known, from the relation of glucose to 
nitrogen in the urine, to be completely diabetic. 


Dog VI. July; O219i54 BR. 0. 11:07-12 27 
12.27— 1.27 

Dog C. July 23,1914 R.Q. 3.42- 4.27 
! 4.27— 5.13 

8.03- 8.49 

Dog E. Aug. 4, 1914 R. Q. 5.27- 6.27 
8.27— 9.27 


PDD HH 
0 0 MOO CO OO 


. 683 
.685 

Animal experiments of this kind furnish a better control of the 
efficiency of the apparatus for work with infants than does the alcohol 
flame, for the reason that both the chemical and the physical proper- 
ties of the air are more nearly like those of an experiment with the 
child. As a matter of course, the entire air surface is thoroughly 
sterilized by means of formalehyde, circulated by means of the blower, 
before the apparatus is used with the infant, and the inner wall of 
the chamber is scoured or painted, or both. 
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Oxygen Blank.—This form of control, introduced by Williams, *°* 
has been useful as a check on the gas analysis. It consists in sealing 
up the chamber, starting the blower and taking off a sample of air, 
just as in starting a period for alcohol check, but without a subject 
or lamp in the chamber. If the air which is thus closed in the circuit 
is somewhat moist, the water absorbers will remove the water and its 
place will be taken by oxygen from the cylinder. The same would 
happen if the temperature were permitted to fall. At the end of an 
hour another sample of air is taken off for analysis, and after the correc- 
tions for temperature and pressure are made, the amount of water lost 
in the air, as indicated by the residual analyses, should be equal to the 
amount of oxygen which has been lost from the cylinder. In such a 
check, the amount of oxygen admitted, say, was 0.346 liter in one hour. 
The air lost 0.411 liter of water; the carbon dioxide did not change. 
The temperature had risen 0.2 degrees and the barometer had remained 
stationary. The temperature change caused an expansion of 0.056 liter 
in the entire system which would serve to keep out that much oxygen. 
Hence, (0.346 + 0.056 = 0.402) liter of oxygen, with no temperature 
change, would have been admitted to replace a (calculated) shrinkage 
of 0.411 liter. 

Registration of Muscular Activity of Infant.—With newborn infants 
which sleep practically all of the time, the registration of mus- 
cular activity is not nearly as important as it is in the case of older 
infants which normally spend many hours awake and are therefore 
more likely to move about or cry while in the respiration chamber. 
For this reason the principal discussion of the methods employed for 
recording the muscular activity and of the infiuence of this factor upon 
metabolism will be taken up in the section devoted to older infants. A 
few words may be devoted to the subject in this place, however, and a 
method described which has been found well adapted to the purpose 
in newborns. 

In the experiments which the writer, in conjunction with Dr. H. C. 
Bailey,’ conducted upon newborn infants at Bellevue Hospital, it was 
found that in most instances it was sufficient to have a nurse make 
frequent observations of the state of quiescence of theinfant. This was 
the more readily accomplished by fastening the bell of a small Bowles 
stethoscope lightly to the upper front wall of the infant’s chest by means 
of strips of adhesive tape. The rubber tube of the bell passed by an air- 
tight connection through the walls of the incubator and to this the 
auriculars of the stethoscope were attached. The connections were 
made long enough so that the nurse could sit near the machine at asmall 
table, with the auriculars in her ears, and could trace from minute to 
minute on a ruled chart the exact condition of the child. This method 
was copied after a similar one used by Schlossmann and Murschauser - 
(p. 634). If the child whimpered or cried suitable notation of the fact 
was made and the exact time at which this began. 

In some instances the child within the respiration chamber was 
placed upon a pneumatic bed which was made by covering arectangular 
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box (10 X 22 X 61 cm.), made of galvanized iron, with heavy rubber 
dam, and cementing it to the rounded edge of the box in such a way asto 
effect perfectly air-tight closure. Upon the rubber cover a piece of lin- 
oleum was fastened with cement. The box thus constructed served asa 
receiving tambour (Fig. 208). It was connected through the walls of the 
incubator by means of a wide rubber tubing to a large recording tambour 
(15 cm. in diameter) placed on top of the incubator and so mounted as 
to record any vibration of the contained air on a moving drum. In 
Fig. 208 the entire recording apparatus is shown, removed from the 
apparatus. A light blanket placed over the strip of linoleum made a 
very comfortable bed. 

Other French Methods.—The other two methods are similar in 
principle to the respiratory method-of Tissot.'°* This consists 
essentially in having the subject breathe through air-tight nose-pieces 


Fic. 208.—Rubber bed used for recording motions of the child, showing the 
wide tube and large tambour necessary for quick transmission. The character 
of the tracings obtained is seen in the open book, A. (Amer. Journ. Dis. of Chil- 
dren, Chicago, 1915, IX, Fig. 7, p. 57.) 


or a face mask into a spirometer, and analyzing the air contained in the 
spirometer at the end of the experimental period. The exact volume 
of the air being known and the comparison of the inhaled air a simple 
calculation gives the respiratory exchange of Oz and COs. 

Hasselbalch”! in his study of the respiratory exchange of newborn in- 
fants already referred to, and Weiss”° in a similar study which included 
older infants, analyzed the air coming from or contained in a chamber 
where the child lay. Since their studies were concerned chiefly with 
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the respiratory quotient, these methods will be described briefly in the 
next section. 

The Respiratory Quotient of the Newborn.—lf a sample of pure 
carbohydrate, e.g., cane sugar, be placed in a bomb and ignited (p. 530,. 
seq.), it is possible to learn the amount of combustion by analyzing the 
gases before and after firing. In the case of pure carbohydrate, it would 
be found that just as much oxygen by weight has disappeared as is 
contained in the carbon dioxide produced. Or, since equal volumes of 
all gases contain the same number of molecules at the same pressure 
and temperature, it would be found that the COs produced has Just 
replaced the volume of oxygen utilized. This is true because in car- 
bohydrate there is nothing to unite with oxygen except carbon, the 
hydrogen present being already cared for by the amount of oxygen in 
the molecule. 

The relation of oxygen to carbon dioxide in a combustion of this 
sort may be called the combustion ratio; and it is evident that if we 
had a sample of unknown composition, we could learn whether it were 
a carbohydrate or not by burning it in oxygen and determining the 
ratio of carbon dioxid produced to oxygen consumed. 

The same method may be employed, in fact has been employed, 
omitting the high pressure of oxygen, in the method of Weiss,?°* to 
examine the quality of combustion in an infant’s body. The child may 
be sealed up for a time in a closed box containing pure air, or if we like, 
containing more oxygen than is usually present in the air. With a 
box containing 60 liters, the child could remain for an hour in this atmos- 
phere without suffering the least harm. If then the air were analyzed 
at the end of the experiment and its composition compared with that 
of the air at the beginning, it would be found that the carbon dioxide had 
replaced the oxygen, or nearly so. If the replacement by volume were 
exact, 7.e., the amount of carbon dioxid added equaling the amount of 
oxygen withdrawn from the air, it would be a certainty, other factors 
controlled, that carbohydrate was the material being oxidized in the 
child’s body during the course of the experiment. 

In a respiration experiment, this ratio of carbon dioxide produced to 
oxygen consumed is called the respiratory quotient. From it infor- 
mation of crucial importance concerning the metabolism of the infant 
may be obtained. Interpretation of its value, however, depends upon 

two primary factors: (1) the technique employed, and (2) the fact that 
combustion in the animal body is never purely from a single class of 
substances. 

Technique of the Respiratory Quotient—There are only there 
possible methods of obtaining the respiratory quotient of the infant. 
The first method, and perhaps the simplest, is that of Weiss,2% pre- 
viously employed by Chauvau and Kaufman, of sealing up the subject 
in a box and taking a sample of the air for analysis before and after the 
confinement. Even in so simple a method, however, satisfactory 
results can only be obtained by careful determination of the water- 
vapor produced and adequate correction for any changes in pressure 
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and temperature. The chief difficulty falls upon the exact determina- 
tion of the temperature of the air. Ordinary mercury thermometers 
have too much lag to record accurately rapid changes of temperature. 
Hence, if the infant should wake up suddenly and begin to cry after 
sleeping quietly for a time, the air would be warmed both by the 
increased respiration and by the extra heat produced by muscular 
work, and a period terminated at such a moment, or before condi- 
tions again become stable, would be a doubtful one from the stand- 
point of the respiratory quotient. 

A second method is that of Hasselbalch.7! Since it is very difficult 
to fit a face mask to an infant, Hasselbalch placed the infant in a 
small cylindrical chamber of 15 liters capacity. Air was admitted at 
one end and drawn out in a slow stream at the other by means of an 
ordinary suction pump operated by water pressure. An air-sampling 
- tube filled with mercury was connected with the outlet in such a way 
as to draw off a continuous sample of the air as it left the chamber, by 
simply permitting the mercury to flow out in a thin stream. Hassel- 
balch took the precaution to heat the air to a temperature of approxi- 
mately 32°C. before admitting it to the chamber, thereby preventing 
any possible harmful effect of draft. Moreover, the movement of air 
was at avery gentle rate. With such a method an additional difficulty 
is introduced, namely, of securing an accurate reading of the volume of 
air drawn through the apparatus, but this can be accomplished with a 
carefully calibrated meter, suitable correction being made for the 
temperature at which the air is measured. The same method is 
employed for analysis of outgoing and ingoing air. 

The third method is that originally introduced by Regnault and 
Reiset namely, of sealing the subject in a chamber, causing the air 
to be circulated therefrom into absorbers, which remove the carbon 
dioxide, and back again to the chamber, the oxygen withdrawn by 
the subject being replaced from a source of supply outside the chamber. 
In the apparatus devised by Mares!" and employed by Scherer!” 
and by Babdk® in their work upon infants, the oxygen was supplied 
from a bomb filled under high pressure. In the method of Benedict 
(p. 560 seg.) and in the author’s apparatus (p. 563 seq.) the carbon diox- 
ide is absorbed by soda lime and the inflow of oxygen from the pres- 
sure cylinder is regulated automatically so as to maintain the same 
tension of atmosphere continuously. The oxygen consumption may be 
determined by volumetric measurement or by weighing the cylinder 
at the beginning and end of the period, making suitable correction 
for changes in temperature and pressure of the atmosphere and changes 
in composition of the air itself. For the highest degree of accuracy 
the temperature of the air inside the apparatus should be read by 
means of electrical resistance thermometers of special construction 
and the air itself should be analyzed at the beginning and subsequently 
at the end of each period. 

Respiratory quotients obtained by any of these methods without 
careful attention to the technical precautions mentioned are not 
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reliable. Another precaution which is elemental is that no attempt 
should be made to start an observation period until conditions become 
stable, whether it be desired to record the respiratory quotient of quiet 
sleep or that of severe crying. The reason for this is that in severe 
crying there is for a time an exaggerated elimination of carbon dioxide, 
just as there is with an adult when respiring for the first time through 
a face mask; while in a period of quiet sleep immediately following 
severe crying, just as after severe muscular work in man, there is for 
a time a period when less CO, is being eliminated than is being pro- 
duced. The previous depletion of the tissues of their normal content 
of CO» is being restored. In the first set of conditions, the start of 
a fit of crying, the respiratory quotient would be too high, and in the 
second set of conditions, the first spell of quiet following, the quotient 
would be too low. 

Other possibilities closely related to the conditions just named, 
which must be borne in mind if a correct interpretation of the R. Q. 
is to be made, are the following. If the child should be partially 
asphyxiated, as every child is at the moment of birth, the first respira- 
tions ensuing thereafter will be scarcely normal. There is an excess 
of COz in the circulating blood, consequently there may be for a time 
an excess of CO, in the expired air. There may be also a deficit of 
oxygen in the newly-established circulation and consequently the 
amount absorbed may be more than necessary to support combustion. 
How long these conditions may persist is not at all known (p. 579). 

Again, if oxygen is being used in the body for any purpose what- 
soever, other than that of combustion, be it synthesis in growth of 
oxygen-rich substances (e.g., phosphates from organic phosphorous), 
or for the formation of glucose from protein (still more if it is ever 
formed from fat), the respiratory quotient will tell the story if ade- 
quately, but only if adequately, controlled. 

Once more, abnormally, as we know well from the study of adult 
metabolism, there may be formation of sugar from proteins (diabetes) 
and there may be acidosis from incomplete combustion (in a variety 
of conditions). Under either of these circumstances oxygen-rich 
substances are being made out of oxygen-poor substances and oxygen 
taken in by the lungs is not returned as carbon-dioxide, but may 
be excreted in such combinations through other channels. The 
effect would be to produce a respiratory quotient lower than 
normal. A high quotient, conversely, would be produced if under any 
circumstances, normal or abnormal, an oxygen-poor substance was 
made out of an oxygen-rich substance, so that some oxygen taken into 
the body as food were available for combustion. The most familiar 
condition of this sort is the formation of fat from carbohydrates. High 
quotients have been demonstrated in fattening geese, in fattening 
hogs, and in dogs stuffed with more carbohydrate than they could 
oxidize at the time. 

Respiratory Quotients of Different Food Stuffs—These relations 
will be more intelligible when the actual chemical reactions involved 
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are studied quantitatively. We start again with the simplest condi- 
tion, that of the combustion of carbohydrates. Glucose, the normal 
sugar of the blood, is oxidized thus: 

Ce6Hi20¢ + 602 = 6CO2 + 6H2O 


The relation of COs by volume to the Oz is os = 1.0 or, the relation 
2 
by weight of the Oz in CO2 to Os absorbed is a = 1.0. The respira- 
2 


tory quotient is unity. When a simple fat like palmatine, C3H; 
(CigHsi02)3 is burned, conditions are as follows: The fat may be 
written thus: C5:,H 305 and its combustion would proceed according 
to the following equation: 

C51H9s0¢ + 12.00% — DL@OS + 49H.O 
The relation of CO. by volume to the Os is a ~W'708) Shichias the 
respiratory quotient. With a simpler fat such as the butyrate: C3H; 
(C4H;O2)3, the relationship would be quite different, owing to the 
relatively larger quantity of O» already present in the molecule. Thus: 

CysH 2602 + 18.502 = 15CO, + 13H,O 

15 


The respiratory quotient would be iss 7 0.81. Food fats are for the 


most part composed of the glycerides of palmitic, stearic, and oleic 
acids, an average composition on the percentage basis being 76.5 per 
cent. C; 11.9 per cent. H; and 11.6 per cent. 0 One hundred grams of 
such a fat would require 288.6 gm. O, in addition to that already 
present in the molecule for complete conversion to CO» and H,O. 


There would be produced 280.5 gm. COs. The relationship of ae is 
2 
a ih and this divided by a the molecular weights, or multiplied by 


288.6 ae 
841, would give the respiratory quotient, 0.706. A slightly simpler 
calculation, as noted above, is to determine the weight of Oz necessary 
to form CQ» (in this case 204.0 gm.) and divide this directly by the 


204.0 
9886 0.706 

The respiratory quotient of all food fats is in the neighborhood 
of 0.71. The same is true also of body fat. Hence, whether pure 
body fat or pure food fat were being burned, the R.Q. would be approxi- 
mately, 0.71. As a matter of fact, this quotient is probably never 
actually produced under normal conditions; for there is always some 
protein being destroyed, and, since under the conditions of high fat 
combustion, whether from starvation or excessive fat ingestion this 
small amount of protein is readily oxidized, there is a mixed quotient 
contributed in small part by the oxidation of protein and in large 
part by the oxidation of fat. On the assumption that the protein 
quotum of energy production is 15 per cent. and the other 85 per cent. 


weight of total Os required; thus: 
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is from fat, Magnus-Levy'? estimates that the actual respiratory 
quotient should be 0.722, while if the remaining 85 per cent. is produced 
from carbohydrate, the quotient should be 0.971. 

The respiratory quotient of proteins will, of course, depend upon 
the exact formula employed; but since all proteins are made up of 
amino acids, the exact relationship can best be appreciated by starting 
with a single amino acid. If alanin is given to an animal, it will be 
oxidized after deamination, as follows: 

CH;-CH:-NH.:-COOH + H OH = CH;:-CH:OH-CO OH + NH3 

CH;:CH-OH-COOH + 302 = 38CQ2 + 3H.0. 

The respiratory quotient of this reaction would be 1.0 since the volume 
of Oz is just equal to the volume of CO produced. But the NH; is 
not yet disposed of. It cannot remain in the body as NH; and it 
can not be eliminated as a gas, for the lungs are not permeable to NH3 
even if it could be carried in the blood as a gas. Actually, the NH; 
will unite with the CO. to form ammonium carbonate, thus: 


2NH3 -|- CO. — H,O = (NH,4)2COs3 
Later, this is converted to urea, thus: 
NES co, — 28,0. = Ni CO 

The net result would be that for each two molecules of alanin, 
yielding two molecules of NHs, one molecule of COz would fail to 
appear in the expired air, but would be eliminated as urea or water. 
Hence, for six molecules of O2 absorbed, only five would come back 
as COs and the true R. Q. of alanin would be five-sixths = 0.833. If all 
proteins were made up of amino acids as simple as this, the R. Q. for 
their combustion would be as easily computed. The respiratory 
quotient of glycocoll would be 0.75; that of leucin would be 0.73. 
But that of lysin containing two N He groups and requiring, therefore, 
one molecule of COs» for elimination of the N as urea for each single 
molecule of the substance, would be only 0.71. The more diamino- 
acids contained in a protein, therefore, and the more leucin, the lower 
would be the respiratory quotient. With gelatin, which contains 
a high percentage of glycocoll, one might expect a somewhat higher 
quotient than with casein which contains no glycocoll and a much 
larger amount of leucin. Taking an example of a highly synthetized 
protein such as ]-leucyl-triglycyl-l-leucyl-triglycyl-l-leucyl-octoglycyl- 
glycin,' which was put together by E. Fischer and whose exact chemical 
structure is therefore known, we find that 45 molecules of O2 would 
be necessary to produce complete combustion; that nine molecules 
of COz would be needed to remove the NH; in the form of (NH4)z 
CO;3; and that when this ammonium carbonate breaks down by dehy- 
dration to form urea, none of the carbon would return to the respira- 
tion and none of the oxygen would be available for combustion. 
The R. Q. therefore would be 0.866. 

Taking the elementary analysis of protein of the human body and 
adopting the percentages used by Magnus Levy,"° we get the follow- 
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ing composition after making allowances for the elements which would 
appear in the urine and the feces: C, 38.6 per cent.; H, 4.24 per cent.; 
O,9.24 per cent. For the combustion of 100 gm. of such protein 
127.6 gm. Os» in addition to that already present in the molecule would 
be needed and 141.5 gm. CO. would be formed. Taking the ratio 
of the oxygen in CO: (102.9 gm.) to the total oxygen required, the 
eiges Nae 4 bier. (CO, a-8> 
quotient is 0.807, or by the longer calculation 127.6 em. CO, Ne Tien 
0.807. The respiratory quotient of a complete protein such as is 
ordinarily used in rebuilding the human tissues, but which, because 
it is not needed for this purpose is oxidized as completely as it is 


TABLE 7 

Ris.Q): Carbohydrate, per cent. Fat, per cent. 
0.707 0.0 100.0 
0.71 1.4 98.6 
0.72 4.8 95.2 
0.73 8.2 91.8 
0.74 11.6 88.4 
0.75 15.0 85.0 
0.76 18.4 81.6 
0.77 21.8 18.2 
0.78 25.2 74.8 
0.79 28.6 71.4 
0.80 32.0 68.0 
0.81 35.4 64.6 
0.82 38.8 61.2 
0.83 42.2 57.8 
0.84 45.6 54.4 
0.85 49.0 51.0 
0.86 52.4 47.6 
0.87 55.8 44.2 
0.88 59.2. 40.8 
0.89 62.6 37.4 
0.90 66.0 34.0 
0.91 69.4 30.6 
0.92 72.8 Pall? 
0.93 76.2 23.8 
0.94 79.6 20.4 
0.95 83.0 70 
6.96 86.4 13:65 
*0.97 89.8 10.2 
0.98 93.2 6.8 
0.99 96.6 3.4 
1.00 100.00 0.0 


possible to oxidize protein in the body, is thus approximately the same 
as that for alanin. We may think of this amino acid as representing 
the type of fuel available when protein is burned. 

Vou. I—37 
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The Non-protein Respiratory Quotient.—In the exact computation 
of the heat production,-as we shall see beyond, it is customary, following 
the method introduced by Zuntz and Schumburg,?*? to compute the 
amount of oxygen of the respiration which is employed in the oxidation 
of the protein metabolized (as judged by the excretion of nitrogen in 
the urine) and to subtract this from the total oxygen intake. It is 
thus possible to arrive at what is called the non-protein respiratory 
quotient, upon the level of which depends the heat value of the oxygen 
which has been absorbed. Table 7 on p. 577 gives the proportion of 
carbohydrate and fat necessary to produce each non-protein respira- 
tory quotient, expressed in two figures, from 0.70 to 1.00. The heat 
value of the oxygen varies from 4.686 Calories per liter with the respira- 
tory quotient at 0.70 to 5.047 Calories per liter when the quotient is 
1.00 (p. 587). 

Points of Practical Interest in the Respiratory Quotient of the 
Newborn.—In the observations of Mensi,!!° Scherer, and Babak, the 
respiratory quotient of the newborn child was found to be extremely 


TABLE 8.—RESPIRATORY QUOTIENTS OF INFANTS IMMEDIATELY AFTER BIRTH 


(HASSELBALCH) 
COs elimina- 
Experi- Body- Height, eee | Remarks on food and Bowes £6 
ment Sex} weight, | centi- hour | per hour at | R. Q. 
number grams | meters | minute Bp hae Yn 0°C. and 760 
i millimeters 
| 

9 F. 3750 51 0:45 | No food; quiet throughout; 333 c.c. 0.970 
slept latter half of experi- 
ment. 

3 M.| 3100 51 1:30 No food; bath; crying and 481 0.868 
kicking 1 minute; otherwise 
contented; sucking or half 
asleep. : 

8 F. 3950 54 1:30 No food; quiet, now and then 270 0.862 
sucking; otherwise without 
movements throughout 
experiment. No crying. 

12 16 4000 54 1:30 No food; rather restless; 399 0.794 
hungry; now and then cry- 
ing. 

2 F. 3650 51 2:00 No food; during most of ex- 422 1.012 
periment quiet and con- 
tented; now and then sleep- 
ing; cried about one-half 


minute fat and strong. 
7 M. 3200 50 2:00 No food; rather quiet; now 457 0.909 
and then kicking and trem- 
bling as if cold; no crying. 


ee 


low, so much so that it was inferred that oxygen must be utilized in the 
infant’s body for some other purpose than that of combustion. More 
recent observations have discredited this interpretation, for it has been 
rendered very probable that the technique of the early observers was 
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seriously at fault. Hasselbalch points out that Scherer’s oxygen must 
have contained a much larger percentage of nitrogen than he assumed, 
from an old analysis,to be present; also that there was an admitted 
error of 6 per cent. on the carbon dioxide. 

Hasselbalch himself obtained quotients which were much higher. 
Since his technique (which was described on page 573) seems to have 
been carefully controlled, it is probable that his results are much more 
reliable. In fact, Hasselbalch lays stress on the fact that the R. Q. of 
the newborn infant before it begins to take food is often much higher 
than that of an adult in a similar state of inanition, and he thinks it is 
fair to infer that in such cases, which in his tables include both the 
well-nourished infants born at term, and infants prematurely born, 
there is a plentiful amount of glycogen available at birth and it is the 
requisition upon this reserve carbohydrate which produces the high 
quotients. Since Hasselbalch’s work was published only in Danish 
and is not yet as well-known as it should be, several of his tables are 
here reproduced. 

Hasselbalch infers much from the single experiment of Bohr on the 
pregnant guinea pig (quoted at page 555) showing that the respiratory 
quotient of the embryo is 1.0. It is quite possible, as the writer has 
elsewhere??? indicated, that this is true, but the single experiment of 
Bohr can hardly be accepted as proving the case beyond a doubt. 
Recent analyses!!® of the blood of the mother and of the umbilical 
vein taken simultaneously at parturition show clearly that other 
materials than glucose can pass the placenta very readily, and while 
one may be prepared to believe that the main reliance of the embryo 
for energy is the most diffusible of the foodstuffs, it must not be inferred 
that no other substance is available for combustion in the fetus. Were 
carbohydrate the only fuel available during antenatal life, it might be 
argued that the enzymes are not yet ready for liberation of energy from 
fat, (which certainly is present) even if a large store of glycogen could 
not be demonstrated; and we might expect to find the quotients rather 
higher immediately after birth than a little later. Hasselbalch himself 
admits that the facts are not quite so easily explained. Referring to 
Table 8, it is seen that the highest quotients do not always come at the 
earliest hour. When the same subject was used in two successive 
experiments, however, (Table 9) this was found to be true. 

So convinced was Hasselbalch that the quotient was higher the 
better the state of nutrition of the newborn that he thought he could 
tell when the quotient was lower than 0.9 by signs of hunger in the 
infant. : 

The occurrence of high quotients within the first seven or eight 
hours after birth was observed independently also by Bailey and 
Murlin.? They drew attention to the particular interest which the 
quotient at this time presents, as indicating the kind of material avail- 
able for combustion as the child breaks connection with the maternal 
circulation. They were on their guard, however, against inferring, | 
without further information regarding the absorption of oxygen at 
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this age, (p. 574), that the high quotient necessarily proves a pre- 
dominantly carbohydrate combustion. “Assuming that oxygen 
absorption is normal at this early age,” they say, “the quotients 
obtained would indicate the combustion of a considerable amount of car- 


TaBLE 9.—FALL IN RESPIRATORY QUOTIENT OF THE NEWBORN (HASSELBALCH) 


COsz elimina- 
Experi- Body- Height, Age, Wns See ton eas tion oe kg. oa 
ment Sex| weight, | centi- hour ius cia Sepose per hour at . Q. 
number grams | meters | minutes 0°C. and 760 
millimeters 
ue M.| 3400 52 0:30 | No food; no bath; wide 344 0.933 
awake; quite contented; no 
erying. 
18 M.| 3400 52 1:45 | Hungry and sleepy in last 275 0.854 
two-thirds of experiment. 
Sleeping and waking; no 
crying. 
13 M.}| 4500 53 0:45 No food; no bath; awake and 488 0.921 
contented. 
14 M.| 4500 53 1:45 |Sleeping quietly during 300 0.808 
nearly the whole experi- 
ment. 
19 M. 3600 54 1:30 No food; bath; good con- 400 0.921 


dition; considerable birth 
swelling; lively and con- 
tented; later hungry and 
somewhat sleepy. 

20 M.| 3600 54 2:30 | Stupid; fell asleep now and 306 0.849 
then; but awake most of 
time; cried one minute. 
At last lively. 

10 M. 2750 47 0:15 No food; no bath; born three 462 0.912 
weeks before time; crying 
about one-third of time. 


11 M.| 2750 47 1:00 Quieter; crying about one- 420 0.897 
fourth of time. é 
15 BY 1900 ae 5 days | Incubator infant; weight at 205 -0.770 


birth 1950 gm. takes to 
breast poorly; put to breast 
every two hours last time 
just before experiment fast 
: asleep. 

16 F, 1900 os 5 days | Incubator infant; weight at 235 0.806 
birth 1950 gm. takes to 
breast poorly; put to breast 
every two hours last time 
just before experiment fast 
asleep. 


el 
bohydrate (glycogen).’’ Since Morris!” has published his sugar 
analyses in maternal and umbilical bloods and has shown that the 
level of the blood sugar is raised in both by a severe labor or by the use 
of an anaesthetic, another explanation of the high quotients which are 
met with in the early hours of post-natal life has been presented.1%8 
Henceforth it will be necessary to know something of the severity of 
labor and whether the mother was given an anesthetic, before a plenti- 
ful supply of glycogen in the liver of the newborn all ready for com- 
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bustion the moment the cord is tied, can be inferred. However, it is 
possible that the severe labor would mobilize glycogen from the maternal 
tissues and that ether administered would mobilize it from both the 
* maternal and fetal tissues, so that the umbilical vein would get a con- 
tribution from both directions. Hasselbalch’s insistence upon a 
relationship to general nutritive condition is not necessarily dis- 
credited, for it is well-known that in the majority of instances a large, 
well-formed infant produces a more difficult labor which itself, without 
the assistance of an anaesthetic, would in all probaility call out enough 
carbohydrates into the circulation to raise the quotient several points. 
Premature infants also produce early labor, and this fact with absence 
of a hyperglycemia may explain the impression of Hasselbalch that in 
the prematurely born infant ‘‘the store of carbohydrate is very quickly 
spent.” 

Benedict and Talbot?® did not observe expecially high quotients 
immediately after birth; for the technique of their experiments was not 
calculated to separate the respiratory quotients into individual periods. 
The authors state, however, that when the quotients above and below 
0.80 are compared, it is found “that up to the eighth hour the greater 
number lie above 0.80, while subsequent to the tenth hour the larger 
proportion lie below this value.” N otwithstanding Hasselbalch’s 
statements that his infants which showed high quotients were quiet, 
Benedict and Talbot are of the opinion that his high quotients are due 
“not to the larger proportion of glycogen taking part in the combustion, 
but to an increase in the carbon dioxide excretion owing to a distur- 
bance in the mechanics of respiration.” This explanation, however, 
is rendered improbable by the considerations regarding blood sugar 
just recited. 

All the modern observations agree in showing a rapid fall in the 
respiratory quotient toward the end of the first day. Hasselbalch did 
not repeat his observations on the same infant except in immediately 
succeeding periods. But even these second periods show in four out 
of five cases, (Table 9) a noticable fall. Bailey and Murlin made 
observations on two infants born three hours apart on the same day and 
placed in the respiration incubator at six hours of age. The obser- 
vations were repeated on the second, fourth, fifth, and sixth, days with 
one child, and on the second, fourth, fifth, and eighth, with the other. 
The quotients fell to 0.67 in both cases on the second day. While 
distrusting the exact figures obtained, the authors point out the extreme 
significance of the indication, confirmed on a third newborn at the 
‘twenty-fourth hour, that all available carbohydrate has been utilized 
by this time, and the importance of supplying artificially, if need be, 
some materials to protect the body substance. Mother’s milk was 
available in small amount for both infants on the third day, but the 
quotients did not reach the level usually obtained after breast feeding 
of older babies until the sixth day in one instance and the eighth in the 
other. These observations were confirmed by Benedict and Talbot”? 
in their long series, the following values having been obtained as 
averages of several short periods for each infant. 
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Daye.) 20 Bi) ae eee Tees 
Respiratory 0.80 0.74 0.73 0.75 0.79 0.82 0.81 0.80 
quotient 


Number of 74 «64 62 ted laid a 22 ae 9 
cases ; 


The Influence of Food.—Milk appears in the mother’s breast usually 
by the fourth day, and by the fifth day the infant receives enough to 
prevent further loss in weight (pp. 612, 613). The course of the 
average respiratory quotient from the first to the eighth days reflects 
the adequacy of the food intake. Unless artificial feeding is resorted 
to, the modern infant is doomed to almost complete starvation for the 
first three days, although it is clear that glycogen is present in sufficient 
quantity to prevent starvation acidosis the first day. When milk comes 
in sufficient quantity on the fourth day, the average respiratory quo- 
tient responds noticeably and on the fifth and sixth days amounts to 
a level which indicates a satisfactory state of nutrition. 

The question has often arisen whether the newborn infant is capable 
at once of digesting and metabolizing a sufficient quantity of breast 
milk even if it were present, to prevent loss of weight. The answer to 
this question must be sought by means of the respiration apparatus. 
The matter will be discussed in its quantitative aspects at greater 
length beyond. Meantime, it may be noted that Hasselbalch has 
tested the capacity of the newborn to absorb and metabolize grape and 
milk sugar and that perfectly satisfactory evidence was obtained from 
the respiratory quotient that this capacity is developed by the end of 
the second day. The table which follows is compiled and slightly 
modified from Tables 4 and 5 of Hasselbalch’s™! paper as translated 
by Miss Johnson. 


TasLeE 10.—EFFECT OF SUGAR ON THE R. Q. or NEWBORN INFANTS (HASSELBALCH) 


| | CO: 
. eliminated 
Number | Sex vor rece. How fed Last food and when per kg. and Rudy 
our, cubic 
| centimeters 
} 
23 Rs 2550 15 | Breast Immediately before ex- 283 | 0.69 
periment. 
26 ine 2450 48 Breast Grape sugar one-half 370 0.87 
hour before experiment. 
238 «| M. 3000 15 | Breast and bottle | Immediately before ex- 482 0.85 
periment. 
29 M. 2950 48 Breast Milk sugar one and one- 617 1.03 
quarter hours before 
experiment. 
1 F. 3700 3 Sugar water at birth, 500 0.90 
three hours before. 


Te a ee ee eg 
The results in experiments 23 and 26 are the more noteworthy 
because of the fact that the infant was born two to three weeks 
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prematurely. Infants born prematurely may have a high R. Q. within 
the first few hours after birth (Table 8); but by the fifteenth hour the 
supply of glycogen, or the hyperglycemia due to labor and anesthesia 
or both, have been considerably reduced and, as noted here, the child 
may be already on a nearly pure fat metabolism. Several feedings 
of grape sugar intervened, one of which immediately preceded the second 
experiment. The level of the quotient shows that this material was 
burning. With the adult subject an identical result could be obtained 
with a sufficient quantity of sugar following a period of fasting. When 
an adult mammal already well nourished is given even a small quantity 
of easily absorbed sugar, the effect upon the R. Q. may be seen within 
the first half hour. When, on the other hand, fat is given in large 
amount, the effect upon the quotient may not be seen until the third to 
sixth hour.’?7 We may expect then that in feeding an infant with milk, 
whether mother’s or cow’s milk, it is the sugar of milk which is burned 
first and the fat will only be absorbed in sufficient quantity to affect 
the R. Q. after several hours. 

The work of Hasselbalch demonstrates these points also very clearly. 
After feeding infants two and five days of age with breast milk, he 
found the highest quotient (0.92 and 0.93) one and one half hours after 
the meal. In one case he was able to show that an experiment begun 
two hours after a feeding gave a quotient four points lower than an 
immediately succeeding period begun only one hour after a similar 
feeding. Apparently in Hasselbalch’s experiments, as in those of 
Bailey and Murlin, it is much easier to secure this rise of quotient with 
infants five days or more of age than it is with those of two days or 
less. The explanation clearly is that unless artificial nourishment has 
been resorted to, the infant’s tissues are depleted of glycogen at two 
days just as are those of an adult after several days of fasting?! and 
anything less than a large feeding af carbohydrate is held up by the 
tissues to satisfy their craving for storage glycogen. ¢ 

Practical Considerations——The practical points brought out by 
this discussion of the respiratory quotient may be summarized as 
follows: 

1. The respiratory quotient immediately after birth instead of 
indicating, as formerly taught, that oxygen is used for some other pur- 
pose than combustion, in the majority of instances indicates rather 
that there is an abundance of carbohydrate availale for combustion at 
once. 

2. This carbohydrate may be present in the form of glycogen stored 
in the infant’s tissues or as extra sugar in the circulation, a hyper- 
glycaemia having been demonstrated by Morris as the result either of 
a severe labor or of anaesthesia. Studies in respiratory metabolism of 
newborn infants have not as yet taken account of this hyperglycaemia. 

3. The respiratory quotient falls rapidly from birth until at the end 
of the first 24 hours or even earlier it indicates that very little glycogen 
remains and that any hyperglycaemia has passed away. ; 

4, Premature infants likewise show high respiratory quotients imme- 
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diately after birth, but probably because of a greater demand for 
growth as indicated by the observations of Rubner and Langstein,'** 
they lose any extra carbohydrate more quickly than do infants born 
at term. 

5. The respiratory quotient is a sure index of the adequacy of 
nourishment obtained the first week of life. Unless artificial nourish- 
ment is resorted to, the respiratory quotient shows that the infant is on 
a starvation basis the second, third, and often the fourth days. 

6. Studies by Hasselbalch indicate clearly that the infant at term, 
or even if born prematurely, is able at once to burn either grape sugar, 
milk sugar, or cane sugar. 

7..When milk is once fully established in the breast and the 
infant receives a liberal feeding, the respiratory quotient is highest 
about one and one-half hours after the feeding, indicating that at this 
time the milk sugar is being absorbed most rapidly. Studies of the re- 
spiratory quotient should be used to determine the optimum fre- 
_ quency feeding. 

Basal Metabolism in the Newborn.—It is an observation at least 
as old as the science of nutrition that the young of all mammalian 
species consume an amount of food out of all proportion to their weight 
as compared with adults. Carl Voit was one of the first to appreciate 
the importance of this fact and to be interested in its explanation. He 
set one of his pupils, Forster, to study the respiratory metabolism of 
infants and young children by means of the apparatus designed by 
Pettenkofer and himself. The result was the first generalization con- 
cerning the energy metabolism of infants, and one that may used to 
introduce the subject for the newborn. 

In the brief account of his experiments published in the proceedings 
of a local society, Forster®® refers to measurements of food intake upon 
artificially and breast-fed infants, as well as to estimations upon older 
children made by Professor Voit. The question he sets himself is 
whether the observed high consumption is a dispensable luxus or a 
necessity, and he notes that it can only be answered by determination — 
of the fat (that is, non-nitrogenous) metabolism; for with protein as 
had been shown by Voit, the amount destroyed is determined by the © 
intake. Forster made fourteen experiments on children from two 
weeks to nine years of age while they were resting and approximately 
fasting and found they agreed in showing that for each 10 kg. of body- 
weight the carbon dioxide output was 10 to 12 gm. per hour, while for 
the adult under the same conditions, as had already been shown in the 
same laboratory, the output is only 4 to 5 gm.; with moderate amount 
of food 5 to 6 gm.; and only 7 gm. when, in addition, a moderate amount 

of work is done. It is therefore certain, says Forster, that the youthful 
organism in the fasting and resting condition (basal metabolism) pro- 
duces at least twice as much carbon dioxide “or destroys at least twice 
as much fat”’ as the adult. Forster concludes by noting that when the 
greater bodily activity of the child is taken into account, it is evident 
that the greater consumption of food is a matter of necessity. 
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The discovery that this level of metabolism is true also of the new- 
born child was made by Scherer!” but was scarcely recognized by him 
because his attention was centered on another matter. Scherer was 
the first to make an extended series of observations on the newborn. 
With an apparatus very much like the original Regnault and Reiset 
apparatus, constructed in the physiological laboratory at Prague by 
Professor MareS, he made altogether 85 experiments, some 30 of which 
were upon infants less than 24 hours of age. Scherer found as a mean 
of all his observations on infants up to nine hours of age at summer 
temperature (16 to 27°C.) a carbon dioxide elimination of 320 c.c. per 
kg. and hour compared with 216 c.c. observed by Laves®® on a man 
30 years of age. The oxygen absorption was 470 ¢.c. per kg. and hour 
compared with 243 ¢.c. for the adult man. The respiratory quotient 
obtained by these figures on the infant is exceedingly low (0.67 av.) 
and it is highly probably that there was an error upon the determina- 
tion: of the carbon dioxide as well as of oxygen. The results are given 
here, however, by way of general corroboration of the results published 
by Forster, which likewise could not have satisfied present day require- 
ments for accuracy. Both series served to draw attention sharply 
to the very great discrepancy between the metabolism of infant and 
adult on the basis of weight. This has been abundantly confirmed 
since. It was many years after this that Rubner!* calculated the 
metabolism of a newborn mammal to be approximately twice that. of 
the mother on the basis of weight. 

Forster’s estimate of the metabolism of young children, as a matter 
of fact, included one determination®” only upon a newborn infant, and 
this one was 14 days old. It shows the metabolism somewhat less 
than the average of the entire 14 observations on children up to nine 
years of age. Scherer also noted a very considerable difference 
between infants up to four days and those between this age and four 
weeks of age. Later observations have confirmed these generalizations 
as well, and we may state at once that the metabolism per unit of 
weight of infants and young children varies with age. 

Carpenter and Murlin*® found the metabolism of the newborn 
(up to two weeks of age) to be two and a half times that of the mother 
lying in bed beside the child. Later observations by Benedict and 
Talbot”? and by Bailey and Murlin’ make the figure for newborns less 
than a week old 1.75 and 1.87 calories respectively per kilogram and 
hour as against 1.0 calorie per kilogram and hour for the normal adult. 
The figure given by Benedict and Talbot is the average for observations 
-on nearly one hundred subjects which ranged from two and a half 
hours to seven days in age, and had an average age of two days. That 
given by Bailey and Murlin is the average of 12 hourly periods on four 
infants less than one week of age, during which the infant slept all or 
substantially all of the time. On the basis of 24 hours at the same rate, 
the metabolism would be 42 calories per kilogram according to Bene- 
dict and Talbot or 45 calories per kilogram and 24 hours according to 
Bailey and Murlin. It should be noted however that the periods 
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selected for this average represented the periods of unusual muscular 
repose, and that no infant would ever actually maintain a metabolism 
so low for an entire 24-hour period. It avoids confusion, therefore, to 
report all results of metabolism experiments done in short periods on 
the hourly basis; for it is obvious that when a child sleeps quietly for 
the entire period, as it did in most instances in the two series of experi- 
ments referred to, the metabolism obtained does not represent an aver- 
age condition for the entire 24 hours. In fact it would be next to 
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Fic. 209.—Basal metabolism of newborn infants on basis of 24 hours referred 
to body weight. —————- mean; (—————-,, ten per cent. above and below the 
mean). (Benedict and Talbot, Carn. Inst. Publ. #233, Wash., D. C., 1915, Fig. 4, 
p. 97.) 


impossible to find a short period or to arrange conditions for one which 
could be said to represent average conditions for 24 hours. Moreover 
a child does not metabolize materials in periods of 24 hours as an 
adult may be said to do. If there is any cycle of metabolism in the 
newborn, it corresponds to the feeding period. With this explanation 
the chart above taken from Benedict and Talbot?’ may be presented. 
The heavy diagonal line represents the average of all their observations, 
v.e., 42 calories per kilogram and 24 hours. The lighter lines represent 
plus and minus 10 per cent. from this average. The great majority 
of the cases fall within these limits which represent the usual degree 
of variability in metabolism. 

Computation of Basal Metabolism.—aAttention should be directed 
at this point to a difference in the accuracy of the computation of the 
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metabolism upon the carbon dioxide elimination as compared with the 
oxygen absorption as a basis. The table below shows the heat value 
for a liter of each gas, as reckoned by Zuntz and Schumburg,”®? for 
each respiratory quotient expressed in two figures, when the protein 
combustion has been eliminated. It will be noted that there is a varia- 
tion of 25 per cent. in the heat value of a liter of COs from the lowest 
to the highest quotient, but a variation of only 6 per cent. for a liter of 
oxygen over the same range. The computation based upon oxygen, 
if there should be any error on the respiratory quotient, is therefore 
more accurate. 


TaBLe 11.—Heat VaALur oF OxyGEN AND Carspon Dioxe ror DIFFERENT Non 
PROTEIN RESPIRATORY QUOTIENTS 
Calorie value of one liter of 


R. Q. CO. 1 Oz eras CO. O> 
| 

0.70 6.694 4.866 | 0.86 5.669" 4.875 
0.71 6.606 4.690 | 0.87 5.617 4. 887 
0.72 6.531 4.702 0.88 5.568 4.900 
0.73 6.458 4.714 0.89 5.519 4.912 
0.74 6.388 4.727. 0.90 5.471 4.924 
0.75 6.319 4.739 0.91 5.424 4.936 
0.76 6.253 4.752 0.92 5.387 4.948 
0.77 6.187 4.764 0.93 5.333 4.960 
0.78 6.123 4.776 0.94 5.290 4.973 
0.79 6.062 4.789 0.95 5.247 4.985 
0.80 6.001 4.801 0.96 5.205 4.997 
0.81 5.942 4.813 0.97 5.165 5.010 
0.82 5. 884 4.825 0.98 5.124 5.022 
0.83 5.829 4.838 0.99 5.085 5.034 
0.84 5.774 | 4.850 1.00 5.047 5.047 
0.85 5.721 4.863 


Influence of Birth-weight on Metabolism.—The influence of weight 
on the metabolism per unit of weight is well illustrated by the following 
table from Bailey and Murlin. The metabolism is noticeably higher 
for a light-weight baby (W, birth-weight 6 pounds) than for a heavy 
baby (B, birth-weight 10 pounds, 3 ounces). From considerations 
which will be presented in discussion of metabolism of older infants, 
it is practically certain that the principal factor responsible for such 
a difference is the insulating effect of subcutaneous fat or of the effect 
of fat to reduce the effective radiating surface. 

The average heat production of all of the infants over 4.00 kg. 
body-weight and over one day of age in Benedict and Talbot’s”’ 
Table 12 is 1.75 calories per kilogram and hour, while the average of 
all those between 2.70 and 3.00 kg. in weight and within the same range 
of ages is 2.00 calories per kilogram and hour. The observations of 
Benedict and Talbot are thus in substantial agreement with those 
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of Bailey and Murlin. One cannot say, however, that all individual 
cases in these groups between the extreme limits show a metabolism 
which is inversely proportional to weight. The influence of body- 
weight (fat) can be shown best by contrasting the extremes. 


Tasie 12.—_-INFLUENCE OF WEIGHT ON METABOLISM OF THE NEWBORN 
(BaILEY AND MouRtin) 


Calories per Calories per 

: Calories per ; square meter 

Weight, kilograms} Age, hours © ies | kilogram and anee® AGS 
hour (Meeh) 
W. 2.9 6 5.649 1.94 23 .67 
B. 4.6 6 6.724 1.46 20.43 
W. 2.82 31 6.255 2.22 26.54 
B. 4.49 31 1 8.704 1.94 26.87 
W. 2.75 80 5.972 2.18 PATSY f 
Bae 2 80 7.101 1.66 22.67 
Wea 22 10 104 5.202, 1.83 21.85 
Be 4226 104 7.500 eed 23.47 
W. Average 5.782 2.04 24.43 
B. Average 7.514 1.70 23.36 


Within the age of one week the metabolism is by no means constant. 
The average for 31 cases less than 12 hours of age is, according to the 
results of Benedict and Talbot, 1.59 calories per kilogram and hour, 
while for their 10 infants from 12 to 22 hours of age it is 1.87 calories. 
Beyond the first day there is but little fluctuation in the average. 
Thus for 14 infants two days old the average is 1.86 calories per kilo- 
gram and hour and for 13 infants, four, four and a half, and five days 
of age, the average is 1.85 calories. It is evident from these calcula- 
tions that the lower value noted above for Benedict and Talbot’s 
longer series is due to the large number of infants less than 12 hours 
of age included in their observations. Summing up all the modern 
results, it may be stated categorically that the metabolism per unit 
of weight for the first 12 hours is approximately 15 per cent. lower 
than it is the rest of the first week. As will appear more clearly beyond, 
another factor in this may be the imperfect regulation of heat produc- 
tion in response to heat loss which was found by Babak® to be charac- 
teristic of the early days of post-natal life. 

Metabolism per Unit of Body Surface—When the metabolism per 
unit of surface area of the newborn is compared with that of the adult, 
account must once more be taken of the actual age. The average 
for the first two weeks may be illustrated by the following table from 
Carpenter and Murlin slightly modified by Lusk.!°° Here it is seen 
that the metabolism of the pregnant mother with an average weight 
for the three subjects of 63 kg. was 33.4 calories per square meter of 


body surface (Mech’s formula). 

was 53 kg. and the heat produce 
The average heat production fo 
according to Benedict and Emmes,' is 32.3 calories 
Now the still more remarkable fact is that the metab 


TasLe 13.—MeErarouism BEFORE AND AFTER PARTURITION. 
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After parturition the average weight 
tion 33.2 calories per square meter. 
r women between 


50 years, 


per square meter. 
olism of the child 


Tar Merrasoursm 


a 


Calories Calories 
Weight in|} Calories per square | per kilo- 
- kilograms | per hour meter gram per 
(Meeh) hour 

Case I: 

Before parturition.:.......... 63.0 60.7 31.4 0.96 

Pater parturition .-.- 2) = 51.4 53.9 31.7 1.05 

PUPETENCE. =... ee a ty Meat 6.8 

Qein ope yo te hea Del 7.3 30.5 2.70 
Case IT: 

Before parturition............ |, RB 64.7 Biel et 

After parturition. ...........4 48.5 59.0 36.2 1.21 

Difference seats. Ome 9.5 rfl 

BRN Gr ee Me 5. avi ttf yh Seed 3.4 9.8* 34.9 2.88 
Case III 

Before parturition............ 69.1 70.6 34.0 1202 

After parturition............. 60.1 60.4 31.9 1.00 

WiilerenCes. can. ee oe ee 9.0 10.2 

CRUGES. 5.52 nk ee ee 3.2 9.3 34.8 2.90 
Average: 

Before parturition............ 63.4 65.3 33.4 1.03 

Slides. oes) x. aa eds Be Se 53.3 57.8 Doone 1.09 

After parturition... .......... 3.1 8.8 33.4 2.82 


*Child cried during the experiments. 


(determined by difference between the metabolism of mother and 
child taken together and mother alone) with an average body-weight 
of 3.10 kg. is 33.4 calories per square meter of body surface—exactly 
the same as that of the mother whether before or after parturition. 
A more striking agreement in accordance with the law of surface 
area would indeed be difficult to find. A woman heavy with child, . 
the same woman immediately after delivery, the child itself, and nor- 
mal non-pregnant women, differing enormously in weight and showing 
a metabolism per unit of weight differing two and a half times, have 
the same metabolism when this is reckoned on the basis of surface. 
The agreement, in fact, is too close to represent the exact truth, 
except for the circumstances presented by chance in these particular 
experiments. We now know from the further work of Murlin and 
Hoobler,’°* as well as that of Benedict and Talbot,?? that the exact 
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age inakes a measurable difference in both the newborn and older 
infants. Nevertheless it holds as a substantial Statement of the facts 
that the metabolism of the young infant (two weeks to two months of 
age) on the basis of surface area is the same as that of an adult. By 
reference to Table 14, from Bailey and Murlin, it may be seen that 
the level of metabolism of the newborn less than one week of age is 
considerably lower than that of the adult. This discovery was made 
simultaneously by Benedict and Talbot, and Bailey and Murlin, 
though it was emphasized first by the latter authors. According to 
Meeh’s formula the basal heat production of the newborn was 23.7 
calories per square meter per hour. 

Benedict and Talbot interpret their results on all their infants 
between birth and one week of age as showing no relation between 
body surface and metabolism. Yet when two extreme groups like 
those mentioned on page 587 are selected from their results, it is found 
that the average metabolism per unit of weight differs 12.5 per cent., 
while on the basis of surface area (Meeh’s formula), the same groups 
show a difference of less than 3 per cent., namely, 24.1 and 23.4 calories 
per square meter per hour.* 

The basal metabolism of the newborn above 12 hours of age 
while sleeping quietly at a comfortable temperature is in the neighbor- 
hood of 23 or 24 calories per square meter of surface, in contrast with 
that of the adult which is in the neighborhood of 32 or 33 calories. 
In other words, the metabolism of the newborn is nearly one-third 
less than that of the adult. On the same basis, the basal metabolism 
of the 31 newborn babies less than 12 hours of age in Benedict and 
Talbot’s series is about 20 calories per square meter per hour or quite 
40 per cent. less than that of the adult. Singularly enough this same 
level of metabolism may be reached by the adult after 20 days of 
fasting. }? 

The Different Formule for Surface Area—There has been in 
recent years much discussion of the metabolism of infants in proportion 
to surface area; but there is no agreement as to which formula best 
represents the actual surface of the child or which will give values for 
surface most nearly proportional to the basal metabolism. In fact, 
the data available upon which such a comparison could be made are 

scarcely sufficient, even with the large addition recently made by the 
Nutrition Laboratory at Boston. It is worth while, however, to 
carry the study as far as the data will permit. 

There are five formule in current use: (1) The old formula of 
Meeh! as modified by Rubner! for children, 11.9\/(W)?, which has 
been the reliance of most German writers; (2) the formula of Lissauer,} 
based upon independent measurements of 12 infants, most of them 
decidedly underweight, 10.3x/(W)2, and differing from Meeh’s formula 
only in the size of the constant; (3) that of Howland and Dana,*’ based 
upon the old measurements of Meeh and Lissauer but given an entirely 


* See further discussion of this point on p. 642. 
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new form, namely, y = mz +b, where y is the surface in square 
centimeters, « is weight in grams, m a constant, 0.483, and 6 another 
constant 730; (4) the formula of DuBois,°° S = wt.°-4° X ht.°-7° x 
71.84; the weight being given in grams and the height in centimeters, 
the surface is found in square centimeters; (5) the so-called linear 
formula of DuBois,*! which has been explained on page 541. 

Which of these formule most correctly represents the actual skin 
surface of the child it will be impossible to say until many more 
actual measurements are made. Meantime it is important to know 
which formula most nearly parallels the heat production for different 
children whether it correctly represents surface or not; for it is Just 
conceivable that the actual surface might not be exactly proportional 
to basal metabolism because of the fact that certain portions of the skin 
must radiate heat much more rapidly than others. Furthermore, it is 
now well known that a considerable fraction of the heat?®® is lost 
through the lungs by evaporation of moisture in the breath. 

Bailey and Murlin made a comparison (Table 14) of the basal meta- 
bolism per unit of surface as measured by the first three formule given 
above from the results obtained in 12 sleeping periods with four of their 
newborn infants. Employing the mean percentage deviation from the 
mean, they found that the formula of Meeh gave results only slightly 
less variable than those of Lissauer or Howland and Dana, the differ- 
ence being quite negligible. A more satisfactory measure of variability 
is the mean standard deviation, and for correlation of two characters 
like heat production and body surface it is necessary to employ statis- 
tical methods. This will be taken up in the next section after which 
we may return to the discussion of surface area as a measure of 
metabolism. 

Statistical Analysis of Basal Metabolism in Newborn Infants.— 
Harris and Benedict,” in their recent monograph entitled ‘‘ A Biometric 
Study of Basal Metabolism in Man,’’ have subjected the data con- 
cerning the minimal metabolism of newborn infants of the Boston 
series to statistical analysis, and have brought to light some new rela- 
tionships. Since the statistical treatment of public health data is 
already familiar to the physician, and since physiological data are 
likely ‘to be so treated* with greater frequency in the future, it may 
not be inappropriate to review briefly in this place the results of this 
analysis as applied to the newborn. 

Most students of biological phenomena are inclined to stop before 
sufficient data are assembled or to be content with a cursory survey of 
their significance. As a matter of fact, a series of measurements, 
whether anatomical such as the circumference of the head, length of 
body, etc., or physiological such as vital capacity, oxygen absorption, 
etc., has no significance as a series until subjected to mathematical 
analysis of some degree or-other.. We make a beginning at such analy- 

*For a fuller statement of method, the reader is referred to Chapter II of 


Harris and Benedict’s paper, or to Karl Pearson’s Grammar of Science, or Daven- 
port’s Statistical Methods, 3rd edition, Chapters II and IV. 
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sis when we determine the average measurement, such as average 
height or weight, or height-weight index for a given age. For many 
purposes this degree of analysis suffices; for it enables one to locate an 
individual measurement, pulse rate, temperature, or what not with 
reference to the mean of normal subjects. A distinct advance is made, 
however, if one knows not only the average of any supposedly normal 
series, but also the mean deviation from the average presented by the 
individuals of that series. Referring to Fig. 209, the mean is repre- 
sented by a heavy black line. The individuals are scattered about the 
mean in approximately equal numbers above and below. Now it is 
clear that the same mean might apply also to another series in which 
the individuals had a wider scatter or dispersal, or indeed one in which 
they were closer together. It becomes significant, therefore, to know 
the average distance or deviation from the mean. Whether the 
individuals are representative or well chosen may often be learned in 
this way. . 

It is quite customary to express the mean deviation in percentage 
of the mean or average (Table 14, p. 590), and for most purposes this 
gives the desired information. It expresses in a way the degree of 
variability with which one has to deal. Thus one may say as the 
result of this simple mathematical analysis that on the average an 
’ indjvidual measurement in a certain series will not be more than 10 per 
cent. away from the mean, while in another series it might be 20 per 
cent. away. Clearly, the former would be the more concordant series 
of observations. . 

For purposes of correlation, however, this analysis does not go 
far enough. If we wish to know whether heat production is correlated 
with pulse rate or whether it is more closely correlated with body- 
weight than with stature or with body surface, a different procedure 
must be adopted and a little algebra employed. A causal relationship 
between two factors, if the dependence is primary, could scarcely exist 
without exhibiting a definite mathematical relationship. There are 
times, of course, when the correlation may be obscured; and again the 
individuals of ‘a series may be so poorly chosen as to cover up the pri- 
mary dependence with interfering factors. The statistical analysis 
will often disclose this state of affairs, and lead to the detection of the 
interfering factor. For the present purpose it will suffice to develop 
the coefficient of variability and the coefficient of correlation. 

The coefficient of variability is based upon what is known to the 
statistician as the standard deviation (S. D. or small sigma,o). This 
term offers some distinct advantages over the mean deviation from the 
mean. It is obtained by squaring the individual distances or devia- 
tions from the mean, adding the squares, dividing by the number of 
individual deviations, and extracting the square root; or, in more 
condensed phraseology, it is the square root of the mean square 
deviation. One advantage consists in getting rid of the algebraic 
sign of the deviation. For purposes of correlation, 7.¢., closeness of 
agreement, between two variables, we are not as a rule concerned about 

Vou. I—38 
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the individual measurement, whether it lies above or below the mean; 
hence its sign is of no interest. Moreover, even the arithmetical mean 
which must always read + so and so does not give any information 
as to any individual in the series. It expresses nothing more than that 
the average distance from the mean is of such and such magnitude, 
whether above or below. Nothing is lost, therefore, by getting rid 
of the sign, which we do by squaring the deviation. Another and 
greater advantage consists in placing relatively greater significance 
upon a large deviation than upon a small one. Whether as a test of 
variability or as a criterion of correlation, the extreme variate is much 
more significant than a moderate one. The standard deviation takes 
account of this difference because the square of a large deviation has a 
greater influence than the square of a small deviation. 

The formula employed for the standard deviation is 

Cz = V2|(x—£)?]/N 

where o reads “the standard deviation of measurement 2;” @. 
is the mean of their measurement; x — & isthe individual deviation; 
2 their sum; and WN their number. 

Let us apply this concretely to a short series of weights of infants. 
In the following tables selected from Table 12 of Benedict and Talbot?’ 
paper on “The Physiology of the Newborn,” the mean deviation 
from the mean is contrasted with mean square deviation, and below, 
the method of deriving the standard deviation is given. The 


TaBLE 15.—AVERAGE DEVIATION FROM THE MEAN CONTRASTED WITH STANDARD 


Deviation In InrFants Two Days Oxtp (BENEDICT AND TALBOT) 
ste a SO ee ee ee eee 


Weight in kilo- | Deviation from | — 
Number | grams (w) | mean (w — w) | bo ty Fc 
8 3.48 +0.15 0.0225 
10 3.45 + OeL2 0.0144 
30 3.33 +0.0 = Q.0 
51 3.73 +0.40 0.1600 
53 2.87 —0.46 0.2116 
70 3.56 Sates 0.0529 
74 3.63 +0.30 0.0900 
4 3.28 —(.05 0.0025 
9 4.04 = mer! 0.5041 
13 3.25 —0.08 0.0064 
21 2.92 —0.41 0.1681 
34 2.90 —0.43 0.1849 
43 3.62 +0.29 0.0841 
65 2.63 —0:70 0.4900 


DO ay =(|w — w|)* =(w — w 
a? (w) = 3.33 2(|w — wl) = + 0.309 Boars iae = 0.1422 


M 
ean © Mean Mean square 
eviation deviation 


* The vertical bars indicate that the sum of the deviations is taken without 
regard to their signs. 
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Mean percentage deviation = (|w — w|)/N X LY 


0.309 x 100 
3.00 
Standard deviation, cw, = V>I[(w — w))?/N = V 0.1422 = 0.377 
cax 100>-~ 0:377.X 100 
pee we 333 


aol = + 93 


Percentage standard deviation or Vw = = 13 


last term is called the coefficient of variability. It is simply the per- 
centage of the mean (weight, in this case) which the standard deviation 
represents. All standard deviations may be so expressed and thereby 
made comparable one with another. The coefficient of variability, it 
will be noted, has lost its sign and is larger than the mean percentage 
deviation. 

Suppose now we have two variables, weight an anatomical charac- 
ter, and heat production a physiological character: how may they be 
correlated? Repeating the same table, but with the addition of total 
heat production per hour, we shall see, first of all, which is the more 
variable, the anatomical or the physiological character. 


TaBLE 16.—Comparison oF VaRIABILITY BETWEEN WEIGHT (w) AND Huar 
Propuction (h) iv Inrants Two Days OxLp (BENEDICT AND TALBOT) 


Heat 
Weight in production e 
Number | kilograms in calories w—w) | w—w)?2 (h —h) (h — h)? 
(w) per hour 
(h) 

8 3.48 6.66 +0.15 0.0225 +0.45 0.2025 

10 3.45 6.75 +0.12 0.0144 +0. 54 0.2916 
30 3.33 6.00 +0.00 0.0000 —0.21 0.0441 
51 3.73 6.41 +0.40 0.1600 +0.20 0.0400 
53 2.87 5.95 —0.46 0.2116 —0.26 0.0676 
70 3.56 6.37 +0. 23 0.0529 +0.16 0.0256 
74 3.63 6.50 +0.30 0.0900 +0. 29 0.0841 
4 3.28 5.79 —0.05 0.0025 —0.42 0.1764 

9 4.04 7.42 +0.71 0.5041 +1.21 1.4641 
13 3.25 we He} —0.08 0.0064 —0.46 0.2116 
21 2.92 5.67 —0.41 0.1681 —0.54 0.2916 
34 2.90 5.58 —0.43 0.1849 —0.63 0.3969 
43 3.62 6.87 +0. 29 0.0841 +0.66 0.4356 
6y 3 2.63 5.29 —0.70 0.4900 —0.92 0.8464 
Mean. .s.6<s 3.33 6.21 0.309 0.1422 0.492 0.3270 

| 4 
Mean percentage deviation.. +9.3 per cent...... +7.8 per cent. 


Standard deviation of weightow = V x[(w — w)|?/N 
=1/0.1422 = 0.377 
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Standard deviation of heat production ch = Vx[(h — h)]?/N 
= +/0.3270 = 0.572 


ow X 100 _ 0.377 X 100 _ 1,8 
Ww — = — = . 
w 3.33 
oh X 100 (0.572 X 100 
= as = 9.2 
uh = 6.21 6.21 2 


From this comparison it is seen that in these infants of the same 
age, weight is 1.5 per cent. more variable than the heat production on 
the basis of the mean deviation, but is more than 2 per cent. more 
variable on the basis of the standard deviation. 

The fact that the variability in the two series of measurements is 
relatively small does not, of necessity, mean that there is any correla- 
tion between the two series. The result so far indicates merely a 
relatively close concordance among the several observations of each 
series. Pursuing the comparison a little farther, however, we notice 
(Table 16) that the simple deviations from the mean have, without 
exception, the same sign. This denotes in general that when the 
weight is above the average the heat production is above the average 
and when the weight is below the average heat production is 
likewise. If, in addition, the magnitude of the deviations should 
appear to be of the same order for each individual, we could safely 
speak of a significant degree of correlation without further analysis. 

In order to give the degree of correlation a quantitative value, 
however, we must proceed a little farther. If we multiply together 
the several deviations or distances from the mean in the two series, and 
get the mean of these products, this ‘‘mean product deviation,”’ as it is 
called, will be high if nearly all the paired members of the two series of 
deviations have the same sign or if those which have the same sign are 
large in amount in comparison with those which have unlike signs. 
Here comes in especially the significance of the extreme variate; for if an 
— individual is far out of the average as regards weight and is far out also 
as regards heat production, a close correlation between weight and heat 
production is indicated if the variate lies either above or below the mean 
in both characters; but a poor correlation is indicated if it is plus in one 
character and minus in the other. Multiplying the two together in 
either case will serve properly to evaluate the extreme variate. The 
mean product deviation, then, is itself a measure in absolute terms of 
the degree of correlation between any two characters, a high mean prod- 
uct denoting a close relationship and a low mean product a remote 
relationship between them. 

In order to get the correlation upon a basis which will permit of its 
comparison with any other, it must be expressed in relative terms. 
That is to say, we must have a coefficient of correlation. This might be 
obtained by expressing the mean product deviation as a percentage of 
the product of the two standard deviations (¢ yon, in this case) if we so 
desired, and perfect correlation would then be indicated if the result 
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were 100 per cent. Thus, if in the two series just considered the 
individual deviations of weight and heat production were of the same 
relative size in every pair, and always of the same sign, their product 
would be equal to the product of the square roots of the mean square 
deviations, and the result would be 100 per cent., or perfect, correlation. 
It is a little simpler if perfect correlation be expressed by unity and any 
correlation less than this by a decimal. Greater elasticity is thereby 
afforded, since minor degrees may be expressed by additional decimal 
places. The mean product deviation then may be divided by the prod- 
uct of the standard deviations, and a coefficient whose maximum 
would be unity, will be given. Thus: 


Z[(w — w)(h — h)I/N 


yuh = 


The expression, ywh, is read ‘‘the coefficient of correlation between 
weight and heat production;’”’ and the formula reads, ‘the sum of the 
products of the individual deviations of the two series divided by 
the number (or the mean product deviation), further divided by the 
product of the standard deviations.” 

In carrying out the operation we may as well include a third charac- 
ter, so that a comparison may be made in correlation between one and 
each of the other two. Since the other character of greatest interest 
in this connection is surface area, it will be added to the next table. 
We have then two anatomical characters, weight and surface area, 
to be correlated with one physiological character; namely, heat produc- 
tion. If one or the other of these shows a closer correlation than the 
other, we may infer, other things equal, that it is more likely to be 
causally related to heat production. 

It is seen that the correlation between weight and heat produc- 
tion for this particular group of infants is closer than between heat 
production and body surface, if the latter is calculated by the formula 
of Meeh or of DuBois, but if calculated by the formula of Lissauer 
the correlation is the same as with body weight. This must not be 
accepted as typical for all infants, however, for as we shall see presently 
a larger number of infants show very little difference in the correla- 
tion between heat production and body surface on the bases of the 
several formule. The group presented in the foregoing was selected 
as being as nearly homogeneous as possible, and was purposely kept 
small merely for the purpose of illustrating the method of statistical 
correlation. : 

It is necessary to delay further discussion of the relation of heat 
production to body surface for a moment, to take up the matter of 
probable error. Every determination of the mean of a series of 
observations is only an approximation to the truth, for a larger number 
of observations always will change it one way or the other ; still more 
is this the case with constants where longer calculations based upon 
more factors enter. It is possible, however, to tell the measure of 
unreliability by means of the probable error, and it should always 
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accompany a determination such as the standard deviation or the 
correlation between series of measurements. The probable error 
£ is a number which, added to or subtracted from, the determined 
constant gives a pair of values between which the true value lies. 
It therefore is always expressed as +. The probability that the 
determined constant (e.g., mean) is correct is not directly proportional 
to the number of observations, but is nearly inversely porportional to 
the square root of the number. The probable error of the standard 
deviation is found*® by the formula, ae where n is the number 
of variates. In the several standard deviations just derived, the 
probable errors are given as follows: j 


user ye: (0.6745) (0.377) 
V/ 28 

me = 0.572 + (0:8745)(0.572) 
V/28 

és (0.6745) (0.020) 
M ‘ = 4/28 

(0.6745) (0.174) 
Soto 0.0174 Bie — 

“1 1/28 
(0.6745) (0.129) 
28 

These probable errors signify that there is an even chance that 
the true value of the standard deviation in each case lies between 
these values. As compared with the standard deviations themselves, 
the probable errors are of the order of one-eighth, or we can say that 
the standard deviation is nearly eight times its probable error. The 
practical value of the probable error is in making comparisons of dif- 
ferent constants, and may be illustrated in the examples before us in 
comparing the standard deviations from the mean of the surface 
areas as computed by the Lissauer and Meeh formule. 


Comparing o,,, = 0.020 + 0.0025 
and o, = 0.0174 + 0.0022 
we find the difference is 0.0026 + 0.0034* 


In. other words, the difference is no greater than its probable error 
and is therefore of no significance. : 

“Tn the case of correlations an apparently, but not essentially, 
different problem presents itself. One often desires to know whether 
there be any relationship at all between variables. He then inquires 
whether an empirically found value of the correlation coefficient has 
a ‘significant’ value. This is necessary because of the fact that if 
correlations were based upon small series of individuals drawn at 


* The square root of the sum of the squared probable errors. Cf. Davenport, 
loc. cit., p. 15. 


= 0.377 + 0.0480 


= 0.572 + 0.0729 


= 0.020 + 0.0025 


= 0.0174 + 0.0020 


= 0.0129 + 0.0016 


os, = 0.0129 + 
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random from an infinitely large series in which the correlations were 
zero, a numerical value would in many instances be obtained. ‘This 
is true for the same reason that a small number of determinations of 
basal metabolism on a group of febrile patients would show an average 
value differing from that obtained on a small group of normal subjects 
whether there be any real influence of tever on metabolism or not.”°” 
For example, the authors just quoted show that the correlations 
between stature and pulse rate in 121 men is + 0.0916 + 0.0608 
while for 90 women it is—0.0669 + 0.0708. These constants differ 
from zero by 1.51 and 0.94 respectively, times their probable errors, 
and consequently could not be accepted as proving any real positive 
correlation between stature and pulse rate in the case of men as a 
class, or any real negative correlation in women as a class. 

The probable error of the coefficient of correlation (#,) is given 
by the formula: 
_ 0.6745 (1 — 7?) 

vn 

Hence the coefficients of correlation given above should be followed by 
probable errors as follows: 


0.6745 (1 — 0.8942) 
hes. coder ul 
z , V/14 
0.6745 (1 — 0.8922) 
hae 202s ze 
us a / 14 


ee 2 
yhs, = 0.894 + UES Gg OBOE 0.894 + 0.0362 


V 14 
0.674 — 0.756? 
0,756 POOLE 0.756 er eee ee OUTS 
V 14 
The ratio of the coefficient to its probable error y /E, ineach caseis: 
ywh/E,,, = 24.7 


vhsu/Ey, , = 24.6 
yhs:/E., = 24.7 
yhsp/E, = 9.8 


The constants differ from zero by a significant number of times their 
_ probable errors and the higher their correlation coefficients the smaller 
(relatively) are their probable errors. 

Surface Area as a Measure of Metabolism.—Only when a much 
larger number of observations on infants becomes available will it be 
possible to learn whether the same formula for surface area may prop- 
erly be employed for newborns and for older infants, or whether there is 
an actual change in the physiological significance of surface as a factor 
in heat regulation as the infant grows older. Meantime it will be 
useful to make a comparison of the coefficients of correlation between 
basal metabolism and surface as measured by the several formule on 
the longest series of observations on newborns now available. The 


E, 


= 0.894 + 0.0362 


= 0.892 + 0.0358 


yhsp 
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Boston series contains 94 infants, 31 of whom were under 12 hours of 
age, 10 from 12 to 24 hours, 14 two days of age, 13 from four to five 
days, and so on up toa single infant seven days old. Taking the 94 
all together, the writer has found the several coefficients of variability 
and of correlation to be as shown in the table below: 


Coxrrricients oF VARIABILITY Conrrici=nts or CorrELATIoN 
Vi, = 15.87 + 0.79 Yh w = 0.7630 + 0.0205 
Vo = 14.68 + 0.72 Yhsy, = 0.7672 + 0.0202 

Vey = 9.92 + 0.48 Ynsy = 0.7762 + 0.0195 
Vez = 10.08 + 0.49 Ynaqyy = 0.7677 + 0.0202 
Ven = 10.25 + 0.50 Yhsy = 0.7682 + 0.0202 
Ve, = 8.84 + 0.43 


sD 

There are two surprises in this table: One, that heat production as 
determined by the method of. Benedict and Talbot, is more variable 
than. either body-weight or body surface, no difference by which for- 
mula it is measured; and the other, that it makes very little difference . 
which formula is used for body surface so far as correlation with 
basal metabolism is concerned. The formula of Howland and 
Dana gives the most variable body surface ; the height-weight formula 
of DuBois and DuBois the least variable. But the formula of Lissauer 
gives a body surface which parallels basal metabolism slightly better 
than the others, the difference, however, being altogether negligible. 

As Murlin and Hoobler had already shown in older children, it 
is seen here that body-weight and body surface are almost equally 
valuable as measures of the basal metabolism. Harris and Benedict? 
reach this conclusion also from the use of body surface by Lissauer’s 
formula and body-weight as bases of prediction of the basal metabolism 
of these same infants in comparing the metabolism as actually meas- 
ured with that computed from constants based on the entire series. 
They note deviations of the predicted metabolism from that actually 
measured, as follows: 


ee 


ee : ? Boy babies, Girl babies, 
Average deviations with regard to sign Di eres Be lion! 
Prediction from weight................. —0.020 —0.093 
Prediction from surface................. +0.118 +0.047 


3 


By this criterion surface area is slightly better than body-weight 
for girl babies but slightly worse for boy babies. : 

The correlation coefficients between basal metabolism and the 
anatomical characters thus far considered are not very high, but are of 
the same order as those found by Harris and Benedict for adults. 
There is no basis upon which to affirm that basal metabolism is more or 
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less nearly proportional to body-weight or to body surface in infants 
than in adults. 

The correlation coefficients between basal metabolism and weight 
for male and female infants, according to Harris and Benedict, are: 


Billinalese cs-.cccusioks De. sehen ent vywh = 0.7520 + 0.0411 
AS PemMAles) 5 «oo a setcsusveces © ieleus aeaekeas vwh = 0.8081 + 0.0357 
IDIGETENCE 2. eo ei cieras ie oni ea eke oe 0.0561 + 0.0544 


Since the probable error of the difference is as large as the difference 
itself, the latter is not statistically significant, which means that the 
correlation is no better for girl babies than for boy babies. By use of 
regression formule, the authors show that in both male and female 
babies a difference of 100 gm. in weight between two subject or as 
growth of this amount in the same subject within the age limits con- 
sidered would make a probable difference of 3.4 calories in the daily basal 
metabolism. This rate of increase is represented graphically in Fig. 
210. The means smoothed and represented by straight lines for the 
. two sexes lie very close together. 

Relation of Body Length to Basal Metabolism.—The only investiga- 
tors thus far to lay special stress upon stature in relation to the meta- 


Taste 18.—Bopy Surrace CoMPUTED FROM THE LissAUER Formuta (10.3~/(w?) 
(BENEDICT AND TALBOT?) 


Body Body | Bade Body Boag Body Bods: Body 
A surface, ¥ surface, : surface, < surface, 
yon square wows, square weight, square bape square 
kilograms ees | kilograms Ee een kilograms bn aaa kilograms Ea 
* 
2.00 0.163 2.80 0.205 3.55 0.239 4.30 0.272 
2.05 0.166 2.85 0.207 3.60 0.241 4.35 0.274 
2.10 0.169 2.90 0.210 3.65 0.244 4.40 0.277 
2.15 0.172 2.95 0.212 3.70 0.246 4.45 0.279 
2.20 0.174 3.00 0.214 3.75 0.249 4.50 0.281 
2.25 0.177 3.05 0.217 3.80 0.251 4.55 0.283 
2.30 0.179 3.10 0.219 3.85 0.253 4.60 0.285 
2.35 0.182 3.15 0.222 3.90 0.255 4.65 0.287 
2.40 0.184 3.20 0.224 3.95 0.257 4.70 0.289 
2.45 0.187 3.25 0.226 4.00 0.260 4.75 0.291 
2.50 0.190 3.30 0.228 4.05 0.262 4.80 0.293 
2.55 0.192 3.35 0.231 4.10 0.264 4.85 0.295 
2.60 0.195 3.40 0.233 4.15 0.266 4.90 0.297 
2.65 0.197 3.45 0.235 4.20 0.268 4.95 0.299 
2.70 0.200 3.50 0.237 4.25 0.279 5.00 0.301 
2.75 0.202 


bolism of infants are Benedict and Talbot.” Plotting their results on 
the basis of surface, it was noted that there was a tendency for shorter 
infants to exhibit’ a lower heat production per unit of surface than 
larger infants, and when this relationship was studied farther it devel- 
oped that a closer concordance was obtained by a formula in which 
body length in addition to surface (derived from weight alone) was 
included. For some 40 infants between one and one-half and six days 
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of age, the metabolism was represented with a plus or minus deviation 
from the mean of only 6 per cent. by the formula L x 12.65 x 
10.3-/(w)?, where L is body length in centimeters. The authors give 
tables from which it is possible to calculate the metabolism with a 
probability that it will fall within the variability just mentioned. 
Table 18, reproduced from their monograph”* (Table 15, p. 110), gives 
the surface area by the Lissauer formula for infants weighing between 
2and5kg. Table 19 contains the basal heat production per square 
meter of body surface (Lissauer) for each height from 45 to 55 em. 
Knowing net weight.in kilograms and height in centimeters, the surface 
is found by reading opposite weight in the first table, and this surface 
is multiplied by the metabolism per unit of surface found opposite the . 
body length in the other table. 


TaBLE 19.—Hnat Vaturs (PER Square METER PER 24 Hours) ComputEp FoR 
VaryYING Lenerus (INFANTS ONE AND ONE-HALF TO Six Days Otp Incuustve) 
(BENEDICT AND TaLBor)23 


mq —_—_——_- —————_— 


Length x Length xX Length x 

Length, constant pee, constant Tone Ds constant 

centimeters | (12.65) epee (12.65) a (12.65) 
é meters - : meters : 

calories | calories calories 
45.0 569 48.5 614 52.0 658 
45.5 576 49.0 620 52.5 664 
46.0 582 49.5 626 53.0 - 670 
46.5 588 50.0 633 5325 677 
47.0 595 50.5 639 54.0" 683 
47.5 601 51.0 645 54.5 689 
48.0- 607 GNSS 651 55.0 696 


———————————— ee —— 


Body-weight and stature have independent significance in determin- 
ing the basal metabolism of adults,”° and from what has just been said 
it appears that the same must be true of infants. This would mean 
that of two children having the same weight (and therefore the same 
surface, by Meeh, Lissauer, or Howland’s formula), the taller would 
show the higher metabolism.. 

The correlation coefficients between basal heat production and 
stature for male and female babies”® are: 


PUR INISLeS age te tne “ree Pee tee tae ah os & vysh = 0.6191 + 0.0582 
AS TEMAS Th ee RE ee co yn = 0.7426 + 0.0461 
Difference sy ak Gata ons ee sere doe De 0.1235 + 0.0719 


Again, the probable error of the difference being so nearly equal to 
the difference itself, the two coefficients may be regarded as 
identical. . 
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Disregarding sex the correlation coefficients of the entire group of 
94 infants for stature and weight are found to be: 
= 0.7833 +. 0.0269 


Vaniyeterstatetenetion slows iavte: eso 70.6 's 616 eve! w & [2 si ele\ is: oe 
GT ps aiSop icy Aik) CeO a SIE OO = 0.6848 + 0.0369 
Difference fete 2s. eee eee 0.0985 + 0.0457 


Here the difference is a little larger in comparison with its probable 
error and we may infer that weight is a slightly better measure of basal 
metabolism than stature. 

By the use of regression equations it is found that 1 em. increase in 
length makes a difference of 8 to 10 calories in the total basal meta- 
bolism for 24 hours. This rate of increase is shown in Fig. 211 after 
Harris and Benedict.7? The rate is not identical, though very nearly 
so, for male and female babies. 


TOTAL HEAT PRODUCTION 


@-~= MALE INFANTS 
e@-—0— FEMALE INFANTS 


oo" 
- 


BODY WEIGHT 


Fra. 210.—Mean basal metabolism on basis of 24 hours for male and femal 
infants of various body weights. (Harris and Benedict 1279, 
Coa aon g ( and Benedict, Carn. Inst. Publ. #279, 


Influence of Sex on Basal Metabolism.—From the sections immedi- 
ately preceding, it is already evident that sex at this early age exercises 
little, if any, specific influence. Further examination confirms this 
impression. Thus the group of 31 infants under 12 hours of age in the 
Boston series includes 17 males and 14females. The average weight of 

the males is 3.76 kilogram and they have an average metabolism per 
kilogram and hour of 1.53 calories. The average weight of the females 
is 3.29 kilogram and they have an average metabolism per kilogram and 
hour of 1.61 calories. The metabolism of the larger body is slightly 
ee ue Cc eneae pale: however, have exactly the same meta- 

Carrying the comparison to older groups, we find the same is true 

of all infants two days of age. There are seven boys and seven girls 


605 


ENERGY METABOLISM OF THE INFANT 


“BMULIOF FYFIOM-VYSIOY OY Ly 


oe. |. wl Ln a ee eee eee 


Sore ¥'0E 9610 Sosa ar 6560 PFT 28°T CFT G°6F 6 '€ “T"** 9sBIOAy 
LF 166 810 8°0 €°&%S 9220 GL 10'S LET 0° 6F £9°S gs9 
6°9 S°CE 16 '0 ens o°¥ 0860 oT 06°T SOT 0°0¢ 69°€ FP 
GL S86 8610 v0 T'&@ FS 0 6° 66°T FEL ¢ 0s 06°% rE 
6°0 T°0E 8810 a0) €°&% £730 1° F6'T 9€T 0°0S 66° 13 
6 °F 6°86 6610 Ts 0°3s 1920 €°¢ LL T 8&1 0°0S So's &T 
o'9 recs 626 0 0°9 9° FS T0€ 0 0S €8°T SLT o'1S 0 'F 6 
0°0 FOE 0610 if 0°2% 96 0 0°83 LT 681 GOP 86 '§ ¥ 
So[ Bula WT 
PUT L°0€ L060 LPs G°&6 TZé'°0 6h F csi eST O'TS &h'sé “7558 OS BIOAW 
Dat OE STZ'0 TG 0°&% £86 0 o's 6L°T 9ST 0°3¢ €9'°€ FL 
GE L° 66 FIZ '0 (x3 o's -: 21L6'0 o§ 6L°1 €ST ots 9g°s OL 
g°9 LE 810 Lia) L’°¥G OFS '0 0°@T L40°% EFT GS" LP 18°3 €¢ 
cP €° 6% 6120 8°9 6°16 983 0 O°2 GL’ T PST G°3g €2°€ Tg 
g°9 L°86 0G 0 8° 9°36 992 °0 LG 08'T PPT O'1g €e'e 0€ 
oy 1'GE O1Z 0 Sg 8° FS T2460 o's T6'T OT 0°%¢ crs Or 
oF 00°C 806 0 8's anc €16'°0 o's T6'T O9T 0°Tg 8F's 8 
Sole yA, 
“‘que0 Jed imoy pue » BNUILOF “quedo rod amoy pue (qeey) bic sod moy pus amoy ¥g accent ; 
‘uBoul Jajaul aienbs slognqg ‘uvoul Jo}ou s1enbs uvour UIBIZO [DT SUIBIZO[D] 
; Bore Jed uorjonp}| -4ue0 ‘ i qequin \y 
ULOLE dad uoonp B01B recon dod uonjonp serous WOT Jad woronp -o1d 480 ‘ny 3r0 YUSTO AA 
uoletAsgq | -o1d 4ywoxT eoByIng uoTyeIANg | -O1d yoy] JS uonemod | -o1d yevozy H WH 


Pea a eee ell 


ea (JOG[BL PUL JoIpousg Wor poyidwMoD) ay 40 savq OM, SENVANT JO WSITOSVLEY TVWINIT 


—'0¢G AIaV ], 


606 PHYSIOLOGY OF METABOLISM IN INFANCY AND CHILDHOOD 


of this age in the Boston series. The average metabolism of the boys 
is 1.85 calories per kilogram and hour, while that of the girls is 1.87 
calories. The average metabolism per unit of surface (Meeh) is 23.5 
calories for the boys and 23.2 for the girls. Using the DuBois height- 
weight formula and calculating the surface, the average for the boys is. 
30.7 calories and for the girls 30.4 calories. The mean percentage 
deviation from the average is slightly less for both groups on the basis 
of the Meeh formula than it is on the basis of weight or on the basis of 
the surface as estimated by the DuBois formula. 


e@-e= MALE INFANTS 


MEAN TOTAL HEAT PRODUCTION 1 


o--om FEMALE INFANTS 


S10 S25 $4.0 


Fic. 211.—Mean basal metabolism on basis of 24 hours for male and female 
infants classified according to stature. (Harris and Benedict, Carn. Inst. Publ. 
#279, Wash., D. C., 1919, Diagram #13, p. 92.) 


Going on to infants four to five days of age, in the same series, we 
find the average weight of the boys is 3.34 kg., that of the girls 3.83. 
The basal heat production per kilogram and hour of the former is 1.88; 
that of the latter 1.83 calories. On the basis of the Meeh formula the 
basal metabolism of the boys per square meter of surface is 23.5 
calories and that of the girls 23.2. On the basis of the DuBois for- 
mula the metabolism is 30.5 and 31.0 calories per square meter per hour 
respectively. The mean deviation from the average is again less for 
the Meeh formula (Table 21). 

In the statistical analysis of the basal metabolisn of the entire 
Boston series, Harris and Benedict carried the comparison somewhat 
farther. They predicted the metabolism of girl infants from constants 
based on the boys, and determined the sign and magnitude of the 
difference between observed and calculated values. Equations 
employed were those showing regression of basal metabolism on stature 
(body length), on weight, and on body surface in the male infants. 
Subdividing the entire series of female infants into stature groups, it 
was found that out of six groups three showed a higher metabolism and 
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three a lower metabolism than that predicted on the assumption that 
all were boys of like height. Classifying by surface area, out of seven 
groups four showed a higher metabolism and three a lower than pre- 
dicted on the assumption that they were boys with the surface area of 
the girls. The comparison for body-weight turned out the same. The 
authors conclude: “As far as our data go, they indicate that on the 
average there is no sensible difference between the heat production of 
the two sexes in the first week of life.””° 

Influence of Crying.—Since the newborn child is scarcely able to 
influence metabolism by any other form of muscular effort than crying, 
the activity factor may be discussed under this heading. Bailey and 
Murlin cited among their results the case of a child 10 days of age who 
produced 8.14 calories per hour while sleeping quietly throughout the 
period of observation. The next day, while crying ‘‘most of the time,” 
i.e., one hour, she produced 10.73 calories, an increase of 31 per cent. 
Howland observed an increase of 39 per cent. in an infant seven months 
of age for a one-hour period of “struggling and crying.” Benedict 
and Talbot have contrasted in one of their tables minimal with maximal 
periods of activity (including crying) for 93 infants, and deduce an 
average difference of 65 per cent., the individual differences ranging 
from 4 to 211 per cent.! Unfortunately 65 out of the 93 maximal 
periods “are calculated from the carbon dioxide produced during a pre- 
liminary period for which the respiratory quotient was not determined.” 
Since even those periods for which oxygen as well as carbon dioxide was 
determined oftentimes gave ‘‘defective respiratory quotients due to 
excessive carbon dioxide excretion—or to a defect in the measurement 
of the oxygen, particularly the residual oxygen” it is impossible to 
compare Benedict and Talbot’s results with those of Howland or Bailey 
and Murlin whose “crying” periods, like their basal periods, were con- 
trolled by residual analyses. From a practical point of view, however, 
namely the effect of crying upon the energy requirement of the newborn, 
the several authors are in substantial agreement. For an infant who 
cries no more than the average normal infant, probably 30 per cent. in- 
crease above the basal would more than cover the energy requirement 
for maintenance; while for an infant who cries “most of the time” (ad- 
mitting considerable latitude in the use of the expression), probably 40 
per cent. above the basal would be more than adequate; for it is certain 
that no newborn infant can continue to ery at a rate sufficient to in- 
crease the metabolism 40 per cent. for more than a few hours out of 
the 24. 

More light on this subject will be gained when we have a method of 
recording the muscular activity which will make one period quantita- 
tively comparable with another and one child also comparable with 
another. Attempts have been made to accomplish this purpose by 
means of a pneumographic record, arecord produced by air transmission 
directly from the bed contained in the respiration apparatus, constructed 
as a receiving tambour, and by means of a record of the movements of 
the bed suspended at one end from a helical spring (p. 562). But the 
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graphs obtained by these methods are not strictly comparable on 
account of variations in the distensibility of certain elastic parts. 
Benedict and Talbot, in fact, expressly warn the reader that their 
classification of the degree of muscular repose (four different degrees 
made from the graphic records independently by two skilled observers) 
is not intended as a comparison of the activity of one infant with an- 
other. The principle of the work Adder* calibrated in absolute ters 
will doubtless prove more satisfactory in time. 

The Pulse as a Measure of Muscular Activity—Because the pulse 
rate increases with muscular activity, some students of metabolism 
not very familiar with the physiology of the circulation have insisted 
upon its value as a criterion of internal muscular activity and even as 
a measure of metabolism. If the heart of a given individual always 
discharged the same volume of blood beat after beat, there would be 
some rational basis: for this use of the pulse rate, for its numerical 
value would then be a direct measure of the volume output of the left 
ventricle, and this in turn, since the arterial blood is practically always 
saturated with oxygen, would be a measure within moderate limits at 
least of the oxygen supplyt to the tissues at different times for this 
individual. But it is well known that the ventricular output may vary 
enormously in the same individual, depending upon venous pressure, 
arterial pressure, cardiac tonus, and perhaps other factors. Much 
more is this true, for obvious reasons, of different individuals. Con- 
firmation of this position, which the writer has maintained for many 
years, is found in the biometric study by Harris and Benedict.” 
Correlations between pulse rate and total heat production (basal 
metabolism) are “all positive in sign but numerically low and extremely 
variable in magnitude.” The statement applies to adults. The data 
for newborn infants were at hand but for some reason the authors did 
’ not carry their study of correlations with pulse rate in this series beyond 
body-weight and stature. The omission is corrected herewith. The 
coefficient of variability for pulse rate is fairly near that for surface 


op = 9.39 + 0.461 


Vp = poee = 8.3 per cent. + 0.411 per cent. 


Pp 
0.276 + 0.643 


Yhp 


area by the different formule, (p. 604), and one might suppose that the 
coefficient of correlation with basal metabolism also would be high. 
The reverse proves to be true. The coefficient is positive, but very 
low, and in comparison with its probable error, so low as to indicate 
total absence of correlation. 

Body Temperature and Basal Metabolism.—In their monograph on 
the physiology of the newborn, Benedict and Talbot* state that their 


* As used with the spirometer on the clinical calorimeter at Bellevue Hospital. 

t Not, however, of the oxygen consumed; for this is found only by analysis of 

the venous blood and subtraction of the oxygen there found from arterial oxygen. 
Vou. I—39 
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observations “indicate that there is a distinct correlation between the 
body temperature of the infant and the total metabolism, for on the 
days with low body temperature the total metabolism was likewise low.” 
It will be remembered that “total metabolism” as used by these 
authors really means basal metabolism calculated on the 24-hour basis. 
The term “correlation,” however, is here used very loosely, for it 
turns out on applying the statistical analysis that body temperature is 
scarcely better as a criterion of basal metabolism than is pulse rate. 
The coefficients as computed by the writer from the fundamental data 
in the Boston series of newborns are as follows: 


a; = 0.319 + 0.154 


ee RL 
t 


ym = 0.439 + 0.561 


Body temperature is scarcely variable at all (0.86 per cent.) as com- 
pared with basal metabolism (15.37 per cent.). The coefficient of 
correlation is somewhat higher than that for pulse rate but is not statis- 
tically significant as shown by the size of its probable error. This con- 
clusion from Benedict and Talbot’s data is in accord with that of 
Hasselbalch™ from his own, who says, “‘the infant’s body temperatures 
during the experiments do not show large differences, and these are in 
all instances plainly not parallel with the differences in the amount of 
the metabolism.” Instead of being a criterion of basal metabolism in 
any quantitative sense, body temperature must therefore continue to 
be merely a symptom. Often it is low and often high coincidentally 
with metabolism, but body temperature is a resultant of which heat pro- 
duction is only one of the important factors. Rate of heat loss can 
affect body temperature quite as much as rate of production. 
Influence of Food and External Temperature.—Very few obser- 
vations have been made indicating that the food of the newborn has 
any dynamic effect. Hasselbalch reports two observations on pre- 
mature infants (Nos. 15 and 16 in Table 9) in which he surmises that 
the increase of some 15 per cent. in metabolism the second period is 
due to the “work of digestion.” ‘At any rate,’’ he asserts, “it was 
impossible to recognize a difference in the muscular activity of the 
infant.’ Since the first effect of hunger is to induce muscular activity 
in the form of crying, it is very difficult to secure complete muscular 
repose on empty stomach so as to have a basis of comparison with 
periods following the ingestion of food. In Hasselbalch’s comparison 
just cited both periods follow the feeding and the more active work of 
digestion in the second period is inferred from the higher respiratory 
quotient.* Coupled with the difficulty just mentioned is the natural 
reluctance of the physician to give the newborn a large feeding. In 
fact it is quite possible that the stomach of the child at this time can- 


= 0.86 per cent. + 0.42 per cent. 


* Discrepancy between the notes in the table and the facts as stated in the 
text makes the experiment impossible of exact interpretation. 
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not contain enough food at a single filling to raise the metabolism 
sensibly. 

We are equally without convincing evidence that external tempera- 
ture acting independently can influence metabolism in the newborn. 
Scherer!” reported a difference of 23 per cent. in oxygen absorption by 
the infant between what he called summer temperature (16 to 26. 8°C.) 
and winter temperature (9.5 to 16.2°C.). But there was no control 
of muscular activity, or even notes regarding crying. Hasselbalch 
conducted his experiments at an average temperature of about 33°C; 
Bailey and Murlin maintained a temperature of 27 to 29°C; while 
Benedict and Talbot kept their chamber air at approximately 20°C. 
Hasselbalch is deeply impressed with the fact that his newboxn infants 
(most of them only a few hours from birth) produced only 270 c.e. of 
carbon dioxide per kilogram and hour and that “this is not essentially 
higher than the corresponding figure for a grown individual in absolute 
repose.’’ From the connection in which the author alludes to this com- 
parison one might infer that the low temperature which he mentions was 
due to the absence of all “‘ chemical regulation”’ since the temperature was 
“so regulated that the question of the feeble heat regulation of the 
infant is eliminated as far as possible.” Results even lower than this, 
however, may be seen in several instances amongst the data reported in 
the more recent publications, notwithstanding the lower temperatures 
employed. A careful scrutiny of the several tables has failed to 
reveal any relationship between external temperature and the meta- 
bolism recorded. Doubtless the infants in the several series of observ- 
ations were wrapped in different quantities of clothing and bedding 
necessary to maintain an environmental temperature high enough to 
induce quiet sleep which was always the aim. Since the notes with 
reference to this precaution are not very complete, it will be necessary 
to give special attention to clothing before any final judgment as to 
influence of external temperature can be rendered. 

Crying the Chief Factor.—In conclusion of this discussion of the 
factors which may influence heat production in the newborn, emphasis 
should be placed once more upon the fact attested to by several observers 
that crying is the only normal form of activity which can materially 
raise the metabolism above the basal level. In the words of our 
Danish colleague, “as regards the amount of the metabolism, it seems 
impossible for me to conclude anything else from the tables than that 
the activity of the infant is the chief determining factor.’”’ Hasselbalch 
goes on to say that even the influence of age has not been demonstrated 
(in the, newborn). While sanction can not be given to this statement 
since the publication of Benedict and Talbot’s results, (p. 588), empha- 
tic assent can be given to his estimate of the muscular factor. The 
newborn does not shiver. He responds, however, to a drop in external 
temperature, as he does to hunger, very promptly, by crying, and since 
this form of exercise is almost his only resort, it serves at once the double 
purpose of restoring heat production to an equality with heat loss and 
of calling the attention of his nurse to his unhappy plight. The 
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importance of conserving the energy resources of the newborn infant 
by keeping him warm, especially before his natural food is forthcoming, 
is obvious. 

Total Energy Requirement of the Newborn.—lf the feeding of 
infants is ever to be placed upon a rational basis and not remain a 
matter largely of guess work, it is necessary that the normal require- 
ments of the newborn be definitely established. Thus far we have con- 
sidered the basal metabolism 7.e., the metabolism of the sleeping infant 
and have learned that body weight is nearly, if not quite, as good a 
measure as body surface, and that length of body (stature) combined 
with surface (or weight) gives possibly the best measure now available. 
The newborn up to one week of age requires for maintenance while 
asleep 1.87 calories per kilogram and hour or about 25 calories per 
square meter of body surface (Meeh). On the 24-hour basis this 
becomes 45 calories per kilogram or 600 calories per square meter of 
body surface. The formula of Benedict and Talbot (L X 12.65 X 
10.3 \/w?) i.e. length in centimeters times a constant times the body 
surface, as given by Lissauer’s formula, is a slightly closer approxi- 
mation to the average needs. There is a normal variation from this 
standard of 6 per cent., due to factors (possibly endocrine index) not 
yet understood. The basal requirement for a given infant within 
these limits may be read off the table on page 603. 

For the time during which the infant is awake and crying, the re- 
quirement, as nearly as it can be estimated today, is from 30 to 40 per 
cent. higher. Since, however, the period of crying continues for the 
normal newborn rarely more than a few hours at most, the additional 
allowance of food energy should not be computed on a 24-hour basis, 
but an attempt should be made to estimate the total period of crying. 

The energy allowance for growth can not yet be estimated with any 
accuracy. In general it may’be stated only that any energy left over 
after the basal and activity metabolism are provided for will be available 
for growth, since, so far as we can see at present, no allowance is neces- 
sary for dynamic action or for fluctuations of external temperature. 

It would appear from the foregoing that an energy supply of 2.5 
calories per kilogram per hour or 60 calories per kilogram and 24 hours, 
will amply cover the maintenance requirement of newborn infants who 
are not more than normally active. Any intake beyond this amount 
may, it is presumed, be counted upon to furnish materials for growth. 
Further study of the “growth quota” in infants of this age, however, is 
very much needed. Further discussion of this topic will be deferred to 
the section dealing with the metabolism of infants up to one year of age. 

Loss in Weight of the Newborn.—Before considering the possibility ’ 
of supplying to the newborn a full energy requirement to cover basal 
metabolism, activity metabolism, and growth, the loss in weight which 
is characteristic of the first week of postnatal life for the human off- 
spring must be examined. Among the causes of loss, certainly, are the 
passage of meconium, urine, and at times allantoic fluid regurgitated 
from the stomach. Until food is administered there is, of course, loss 
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of organic materials which supply energy by combusion. But most 
Important of all is the loss of water. Birk and Edelstein 28 examined a 
newborn baby in a Voit-Pettenkofer apparatus determining the carbon 
dioxide elimination and the water loss. They recorded 28.12 gm. of 
water as coming from the infant’s body and evaporated into the air 


[ 
J 
=f Fel 
| ia 
ie ; 
2196 ae 
; | 
| 4 4 
zo WEUeEdamueee 
Te 
i 
aoe ts *g 


Fie. 212.—Chart showing loss from birth-weight of infants fed in different ways. 
(Bailey and Murlin, Amer. Jour. of Obstetrics, 1915, xxi, No. 3, Fig. 1.) 


the first 12 hours and 40.74 and 53.6 gm. respectively for the next two 
periods of 24 hours each. Most of this water comes from the skin and 
lungs. Lust?’ studied the concentration of dry substances in the blood 
the first week as compared with subsequent periods and found, as he 
believed, a close relationship between body weight and dilution of the 
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blood. Roth1®? also made determinations of the same factors by the 
refractometer method. and established a parallelism between water | 
concentration and the weight curve, while von Reus’® applying these 
facts to actual practice, gave a very liberal amount of water from the 
second day on and in some cases obtained a return to birth weight as 
early as the seventh day. Ramsey and Alley’ state that the adminis- 
tration of water to infants who received an average amount of breast 
milk did not effect the weight curve, but with infants receiving little 
or no breast milk the initial loss in weight was less when water was 
given. A part of the water loss, however, is apparently permanent and 
can not be replaced. The reason for this will be readily understood 
when we remember that the child has passed from an aqueous medium 
to an atmospheric medium. Immediately after birth the skin is turgid 
with water absorbed from the amniotic fluid; 24 hours later it begins to 
assume a normal appearance. The loss in weight correspondingly is 
most rapid the first and second. days (see chart, Fig. 212). 

Different authors give different amounts as the normal or physio- 
logical loss of weight. Pies'*® gives the average loss for 108 infants of 
primipare at 300 gm. the first week or a total of 9 per cent. of the 
birth weight. The average loss for 42 infants of multiparze was 270 
gm. or 8 per cent. of the original weights. All of these infants had been 
fed five times in 24 hours after the first day. Sadoffsky'® by feeding 
the newborn infants 12 times in the first day and at two-hour intervals 
in day time and four-hour intervals at night was able to keep down the 
initial weight loss to 188 gm. on the average or 5.7 per cent. of the 
original weight. Benestad?’ has reviewed the entire literature bear- 
ing on the initial loss of weight and has cited various attempts made by 
Altherr, Kruger, Ingerslav, and others to prevent it by placing the 
newborn to the breast of mothers whose own babies had been born 
several dayspreviously. Strangely enough, in most of the cases studied 
the loss of weight instead of being corrected was aggravated. Bene- 
stad gives his own experience to the same effect and concludes that the 
cause is found in the inability of the alimentary organs to perform their 
proper functions immediately. Exceptions to the rule, according to 
this author, are those children who are most robust at birth. Schick,171 
however, by means of complementary feedings of breast milk from 
foster mothers was able in nine cases to prevent the initial loss in weight 
altogether. The extra feedings were begun from three to six hours 
after birth and were repeated every two or three hours. An amount 
varying from 8 to 15 per cent. of the body weight was given irrespective 
of the amount received from their own mothers. None of the infants 
suffered any inconvenience and two actually gained in weight. 

Several years ago, convinced that infants who suffered the greatest 
loss during the first week were those who subsequently did poorly, 
especially on artificial feedings, Bailey’ instituted at Bellevue Hospital 
a plan of giving formula feedings from the very first day. The breast 
milk was not discontinued, but after ten minutes of nursing each time 
the child was permitted to have from a bottle all he would take of the 
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formula. In only one case out of a large number fed in this way did 
any adverse symptom arise, and in this single case administration of 
an enema relieved the condition. 

The chart (Fig. 212) shows the comparison of the average loss in 
weight of 50 infants fed on the breast every three hours during the 
day and every four hours at night with 50 fed in the same way, but, 
in addition, as much as they would take of the formula at the same 
intervals as stated above. The cases were taken consecutively, elimi- 
nating all babies weighing at birth under six pounds and those whose 
mothers were known to be abnormal. The pure breast-fed infants for 
comparison were taken from the months in October and December, 
1913, while the breast-and-formula-fed were born in October and Nov- 
ember, 1914. For comparison with these curves are two others repre- 
senting averages for a smaller number of infants, one showing the effect 
of four-hour intervals and other feedings by foster mothers. The four- 
hour interval was soon discontinued because of greater initial loss. 
The average weights in all cases were taken from lowest weights 
recorded at two-day intervals. This method of averaging was adopted 
because weights were not taken on Sundays and as a result some eight- 
day charts lacked two weighings; also many of the first-day weighings 
were made only a few hours after birth. The curves could not be 
carried farther because so many of the infants went to their homes on 
the ninth day. The group which showed the smallest loss were those 
given both breast and formula feedings. After these, perhaps, is the 
smaller group which were put to the breast of foster mothers every 
three hours. The average maximum loss for the fifty who showed the 
best results was only 150 gm. and there was a more prompt return to- 
ward normal. For the foster-fed the loss in weight was more gradual 
but just as great in the long run as for those nursed only by their own 
mothers. The foster-feeding, however, it should be noted, was kept up 
only for three days. 

Since, as was first shown by Margaret B. Wilson? in Lusk’s 
laboratory, and later confirmed by Rost!*! and by Rubner?*! and uncon- 
sciously by many other students®! of growth in animals, there is a 
definite relationship between caloric intake and rate of growth—it 
would be most interesting to investigate the influence of easily assimil- 
able carbohydrate supplements upon the rate of the initial loss and 
recovery therefrom. 

The formula used by Bailey was intended to approximate the com- 
position of two- or three-day colostrum, as given by Camerer and 
Soldner.*” Later, however, it was found by analyses performed by 
Dr. F.C. Gephart in connection with the same investigation that the ~ 
composition of colostrum taken in the maternity wards of Bellevue 
Hospital was quite different from this. 

Composition and Heat Value of Colostrum.—These analyses as well 
as those of other American authors who have published recently are 
summarized in the table below. 
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Taste 22.—Recenr ANALYSES oF Earty Human Mitx (Conostrum) 
Sa ik Ree Ti SE ied hE rel OE 


Average composition 
Number 
Days of : 
Dots Author of lactation | Protein, Fat, Lactose, Calories 
analyses per cent. | per cent. | per cent. | per 100 c.c. 
1915) | Gephartin.:. 460% 0s)3 5 2and 3 2.3 2.9 vie! 65.3 
1915 | Holt, Courtney and 
LEY VE: a a 5 1 to 12 Zee 2.83 7.59 64.6 
1917 | Hammett. 55.1.0). + Re. 3 to 11 2.00 3.62 6.08 74.3 
y { 


Holt, Courtney and Fales,’’ extending the division of lactation, 
suggested by Schloss,!7? call attention to the high ash, as well as the 
high protein of the colostrum, compared with later milk. Their 
analyses of the ash constituents deserve a separate table. 


Taste 23.—AVERAGE ComposiTion oF ASH IN DIFFERENT PERIODS oF HUMAN 
Lacration (Hout, Courtney AND FALEs) 


| Number Total 
Period | of CaO MgO P20s | NazO K:0 cl 
| analyses i | / 
| | } 
Colostrum (1 to 12 days)... 5 0.38 0.045 | 0.010 | 0.041 | 0.045 | 0.094 | 0.057 
Transition (12 to 30 days). 6 0.241 | 0.041 | 0.006 | 0.040 | 0.026 | 0.071 | 0.058 
Early mature (1 to 4 
MONS) 507.0650 ete caste 9 0.206 | 0.049 | 0.008 | 0.034 | 0.015 | 0.054 | 0.035 
Middle mature (4 to 9 : 
EONS) Seay eevee a) eee 8 0.207 | 0.046 | 0.007 | 0.034 | 0.013 | 0.061 | 0.036 
Late milk (10 to 20 months) 10 | 0.198 | 0.039 | 0.007 | 0.030 | 0.019 | 0.058 | 0.044 


Hammett®® gathered milk on five alternate days, beginning with the 
third of lactation, from eight different healthy subjects. He noted 
especially the relative uniformity between different subjects, of the 
protein content as contrasted with the other two organic constituents; 
but found a tendency toward a reciprocal relation on different days. 
for the same subject, between lactose on the one hand and protein and 
fat on the other. Denis and Talbot*® made some interesting observa- 
tions on the differences in composition between different stages of 
lactation, before and after nursing, between the two breasts and at. 
different hours of the day; but they include only five analyses for the 
colostrum period, three of which were from a patient ill with pneu- 
monia. In common with Hammett they were impressed with the 
gradual rise in lactose secretion, pari passu with the decline in protein 
from colostrum in transition period and beyond. 

The average of the three sets of analyses of colostrum expressed 
from the breast gives a physiological, 7.e., utilizable, heat value of 653 
to 743 calories per liter. This value comes within the range given by 
Langstein, Roth and Edelstein® for a certain group of cases who, accord- 
ing to these authors, yield a thin, white and watery secretion as opposed. 
to another group which produce a thick, yellow and viscous fluid the 
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first few days. For the former they found a heat value of 600 to 800 
calories; for the latter 1,200 to 1,500 calories, per liter. Rubner and 
Heubner’® give, for the fully established breast milk, values very 
similar to those found by the American authors for the colostrum, but 
the estimations of O. and W. Heubner’® for full breast milk are 800: 
to 888 calories per liter. It is evident from these comparisons and 
from those brought together by Czerny and Keller? that human milk 
varies much in composition at all periods of secretion, and it is not un- 
likely the character of the milk produced is subject to hereditary 
transmission, as it is in cows. However this may be, and whichever 
value may prevail in any given case, we may be assured that. colostrum 
is not lacking in energy. It is probably always as high, and oftener 
higher than the mature secretion, of the same breast. It is the ideal 
food for the newborn, but the trouble is there is so little of it. Von 
Reuss"6 gives a table containing the results of 15 authors on the esti- 
mation of the amount of breast secretion made in all cases by deter- 
mining the daily amount gained during nursings. The amount given 
by the three authors having the largest number of cases to average are 
tabulated below together with the recent results of Ramsey and Alley!44 


TABLE 24 
Days 
Name eno 3 Noa. a eg oy, | 8 
of cases 
Grams per diem 

Jaschke, 1909....... (aR 19 | 90 | 193 | 260 | 339 | 403 | 415 | 470 
Opitz £9b Loree tee 75 56 | 197 | 296 | 371 | 431 | 462 | 455 | 485 
v. Reuss, 1914...... 25 on 54 | 173 | 263 | 327 | 254 | 362 | 390 

Ramsey and Alley, 
JOU eo te eL l e300 2 39 | 100 | 170 | 234 | 275 304 336 


determined by five nursings in 24 hours at four-hour intervals. Where 
the colostrum is thin and watery having a heat value of, say, 650 
calories per liter, it is evident that even if the average amount were 
secreted it is not until the fifth day that an energy supply of 200 calories 
for the 24 hours could be counted upon. If it is of the thick variety, 
an average production in grams would yield 300 calories on the third 
or fourth day. Quite probably, however, there is a relationship 
between the amount produced and the character of the secretion which 
the von Reuss table does not exhibit. There is no assurance, certainly, 
that the breast furnishes anything approaching the full energy require- 
ment of an infant of average weight before the fourth or fifth day. 
Assuming a very common weight of 3.5 kg. (less than eight pounds), 
the requirement may be summarized as follows: 
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Basal metabolism, at 45 calories per kg.....--.----- 157.5 calories 
Activity metabolism, at 30 per cent. increase.....--. 47.3 calories 
Growth metabolism, at 25 per cent. of basal........ 39.4 calories 
Non-absorption at 10 per cent. of fOtall ni eater 24.4 calories 

“Moyle O el reeaics Sue e can oe ama mala c3:, 268.6 calories 


Even omitting the requirement for growth, at least 350 c.c. of secretion 
with a heat value of 650 calories per liter would be required to prevent 
loss of combustible material from the body. : 

This review of the energy requirement of the newborn reaches 
the same conclusion as that emphasized by Morse and Talbot’? and 
by Ramsey and Alley; namely, that the energy quotient of 100 calories 
per kilogram as given by Heubner and other observers is unnecessarily 
high. Ramsey and Alley observed satisfactory gains in weight on a 
quotient of 43 to 74 calories per kilogram. 

Energy Metabolism from Two Weeks to One Year of Age.— 
The energy metabolism of infants over two weeks of age has been much 
more extensively studied. Beginning with the fragmentary observa- 
tions of Forster in 1877, which have already been cited (p. 584) down 
to and including 1920, not less than a score of important researches 
have been published on the normal child. These fall into two groups 
according to the method of observation adopted. Table 25 presents 
a complete list of the observations made on the resting child whether 
waking or asleep and at various times with reference to the ingestion of 
food. A considerable degree of concordance can be traced in the results, 
notwithstanding the diversity of methods employed; but there are 
important differences which will engage our attention as we proceed. 

The earlier researches by the indirect method were made for 
the most part upon a few individuals, but these were studied very 
exhaustively with a view to account for all of the food ingested. The 
later researches by the indirect method and all the observations upon 
normal infants by the direct method have sought rather to establish 
standards of metabolism with which abnormal or pathological cases 
could be compared. Consequently a considerable number of subjects 
have usually been employed. Several of the investigators have selected 
from their own cases those whom they consider normal. In the case 
of some others it has been necessary to select from the published tables 
those whom the authors describe as of normal weight for age. 

Methods.—The primary reason for separating the infants beyond 
14 days of age from the newborns is a practical one. Up to the age of 
two weeks the newborn child in the hospital is under the care of the 
obstetrician. Quite commonly in the home also after normal delivery 
and the child is well started at the breast the pediatrist is called in only 
when the child presents some nutritional emergency. The nutritional 
story is continuous, but the two chapters are of interest to two different 
groups of readers and for this reason have been separated. 

Also the methods of study in the maternity ward are of necessity 
somewhat different from those employed in the children’s ward. The 
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presence of the mother and the desire to establish breast feeding dictate 
the nutritional policy in the former, while in the latter the search for a 
suitable formula is the uppermost thought. Again while normal 
babies are the rule in maternity wards they are the exception in children’s 
wards. Certain procedures are therefore quite justifiable in the one 
group, which would not be warranted in the average case in the other. 

Collection of Urine and Feces.—One of these is the use of a so-called 
metabolism frame for collection of the urine and feces. Where the 
feces must be examined to judge of the success or failure of a formula 
and where additional information for the welfare of the child can so 
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Fie. 213.—Metabolism frame. (Bendix, Tigerstedt: Handbuch der physiologis- 
‘ chen Methodik., Leipsic, 1911, I Bd. 3d Abth., Fig. 29, p. 38.) 


often be supplemented by examination of the urine, one does not 
hesitate to employ the frame, and this facilitates the collection of data 
regarding the energy metabolism. Rubner and Heubner, Niemann, 
Howland, and Murlin and Hoobler in their energy studies have made 
use of the frame and have included the factors necessary for calculation 
of the protein metabolism (p. 535 and later section). While it is 
possible in many instances—especially in comparisons of infants on 
identically the same diet—to secure fairly accurate results without 
knowledge of the nitrogen in the urine, this procedure is certainly not 
justified when different diets are employed, either with the same child in 
different periods or with different children. The method of calculation 
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of the total heat production employed by Rubner and Heubner and 
followed by Niemann in their several studies is somewhat different from 
the method of Zuntz and Schumberg which has already been explained 
(p. 535) but involves also the use of the nitrogen in the urine. 

Bendix was the first to employ a metabolism frame. This has been 
modified and inproved by Finkelstein and by Langstein. A number of 
others have been designed and have been used in this country. The 
one designed by Hoobler®? has been used by him and by the writer in 
the research on hospital children at Bellevue Hospital already referred 


Fia. 214.—Metabolism frame of Hoobler. (Amer. Journ. Dis. of Children, 1912, 
ill, Fig. 4, p. 255.) 


to. It proved in every way a most convenient arrangement. The 
frame was made somewhat smaller than the dimensions given by 
Hoobler in his original article in order to be admitted to the respiration 
chamber. The arrangement devised by Courtney and Fales*! is 
probably just as good, especially for very younginfants. Itisnecessary 
for the greatest accuracy to use the frame for the entire 24 hours, 
although by taking sufficient pains certain children, if old enough, may 
be induced to pass the urine at nearly regular intervals. Only in 
exceptional cases would the use of the catheter be justified, even though 
- eareful irrigation with warm boric acid would in all probability elimi- 
nate the chances of infecting the bladder. A soft rubber catheter 
kept in an aseptic solution or recently boiled may be used with female 
children. Table 26 selected from Table 4 of Murlin and Hoobler’s!”6 
paper gives amongst other data the 24-hour excretion of nitrogen and 
shows how regular this may be (Child 4 and 6 )when the intake of food 
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is constant from day to day and how it may vary (Child 3) when the 
formula is changed. 

Control of Conditions.—It can not be too strongly emphasized that 
definite knowledge of metabolism can only make progress as definite 
ascertainment, of all the conditions under which the observations were 
made and of those conditions preceding the observation which may be 
supposed to influence the assimilation and oxidation of the food is 
rendered possible. Time is often saved by taking note of the behavior 


Fia. 215.—Metabolism bed of Courtney and Fales. (Amer. Journ. Dis. of Chil- 
dren, 1915, x, 412, Fig. 4.) 


of the child for some days before placing him in the respiration cham- 
ber. Schlossmann and Murschauser!’8 refer to the facility which one 
acquires with experience in picking out suitable subjects. The metab- 
olism frame is a good criterion. A child which will endure the 
restraints of a frame for several days without undue annoyance will 
usually behave well in the respiration chamber. The first day on the 
frame, however, is not a fair test. On the other hand, a child which 
does not find itself comfortable on the frame by the third day should 
not be employed. 

It goes almost without saying that unless the effect of change ~ 
in diet is the point under investigation, the diet should be uniform both 
in quality and quantity and should have been thoroughly established 
before observations on the energy metabolism begin. The respiratory 
quotient will be influenced especially by the proportion and even by the 
kind of carbohydrate incorporated in the formula. After breast feed- 
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ing also the quotient will always be higher the first hour or hour and 
a half than at any subsequent time. These facts are well brought out 
in Table 26. (For a further discussion of these points see pages 582 
and 638.) : xo 

Records of Movements, Pulse, Respiration, etc.—It is by this time so 
well understood that muscular activity increases the energy metabol- . 
ism, that no further stress need be laid upon the necessity of knowing 
the state of muscular activity of the subject, whatever the object of the 
observations may be. Schlossmann!’° and F. G. Benedict”? deserve 
the credit of having brought this matter to full realization by most 

investigators. 

} As indicated on page 608 the mest satisfactory form of record of 
muscular activity would be one which would translate the motions of 
the subject into some unit of measurement capable of expression as 
mechanical work. Otherwise a graphic record may vary considerably | 
with the sensitiveness of the recording mechanism, which in turn is 
subject to variation from a number of causes. Moreover a record 
of any kind should not be relied upon solely. Notes are always 
necessary by way of elucidation. 

Several recording devices have already been described for observa- 
tions upon the newborn. Only one of these, the tambour-bed, is 
scarcely practicable with older children. With the child on a meta- 
bolism frame the following method employed by Murlin and Hoobler, 
will be found very satisfactory. The writer does not believe it is 
necessary to record the pulse except as an additional and somewhat 
gratuitous source of information, regarding muscular activity; for to 
the evidence already adduced by Murlin and Hoobler that the pulse 
rate is not proportional to the metabolism in infants, Harris and Bene- 
dict have now furnished data which prove that next to nocorrelation 
between pulse rate and basal metabolism exists in newborn babies 
(p. 608). Morever, from the paper of Benedict and Cathcart on mus- 
cular work, it is evident that pulse rate is no criterion of energy release 
in the skeletal muscles. The method by which Murlin and Hoobler 
demonstrated this lack of correlation in infants from two months to 
one year of age is shown in the accompanying illustrations and may be 
found useful for pathological cases. An alternative method which was 
used with the newborn and which may be used with older infants, espec- 
ially when it is necessary to darken the respiration chamber to induce 
sleep, is to attach the receiver of a Bowles stethoscope by means of 
adhesive tape, directly to the upper left side of the chest, and connect 
this with the auriculars outside the chamber by means of a long rubber 
tube. The pulse can be counted very satisfactorily as a rule and, if a 
nurse can be spared to listen continuously, the least whimper of the 
child can be noted. 

The graphic method for pulse consists in having a small cuff such as 
is used in making blood pressure readings in the infant®! placed about 
one thigh. From this a rigid-walled tube is led to a glass connection 
passing through the wall of the apparatus, thence to a T-tube (Fig. 217) 
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just in front of the pressure bottle) one limb of which passes to a small 
air pump and the other to a second T-tube (to the left of the pressure 
bottle in Fig. 217). To the second T a mercury manometer is attached 
by one limb and a pressure bottle by the other, and from the pressure 
bottle, finally, a transmission tube leads to a recording tambour 
covered with very light rubber. A pressure of from 30 to 40 mm. of 
mercury is sufficient to give a legible motion to the lever and this pres- 
sure does not interfere with the circulation or with the repose of the 
infant. In the experiments referred to, it was found that two very 
thin finger cots placed one inside the other sufficed to reduce the pres- 


Fie. 216.—Showing arrangement of small cuff on the leg of infant for recording 
pulse, and small pneumograph around chest for recording respirations. The 
rubber tubing connecting with the tambours on top of the incubator are seen pene- 
trating the outside wall. P, tubing for pulse; R, tubing for respiration. (Murlin 
and Hoobler, Amer. Journ. Dis.of Children, 1915, ix, Fig. 1, p. 89.) 


sure in the pressure bottle to a point which could be borne by the 
tambour and at the same time to transmit a sufficient wave to the 
tambour for a legible record on smoked paper. A long-paper kymo- 
graph was so arranged and timed that one complete revolution coin- 
cided with an hour’s observations. 

Respiration.—For recording the respirations and incidentally the 
movements of the body, a short pneumograph (Fig. 218) may be used, 
but for the infant sufficient distensibility can be secured only by 
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replacing the rubber tubing with which these instruments are com- 
monly provided with a much thinner one. The finger of a surgeon’s 


rubber glove has been found appropriate. 


Fic. 217.—Showing arrangement of recording devices on top of the incubator. 
The tube P connects a T tube (1) with the hand pump and (2) with another T, 
which in turn connects with the mercury manometer M, and the pressure-reducing 
bottle PB. From the pressure-reducing bottle a final tube leads to the recording 


tambour. (Murlin and Hoobler, Amer. Journ. Dis. of Children, 1915, ix, Fig. 2, 


p. 89.) 
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Fra, 218.—Sample record of respiration, R, pulse, P, and time in seconds, T. 
The record shows several readjustment movements on respiration and pulse 
records; also method of counting pulse under reading glass by drawing parallel 
lines 20 seconds apart. (Murlin and Hoobler, Amer. Journ. Dis. of Children, 1915, 


ix, Fig. 3, p. 90.) 
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For conveniences in counting the respirations (or pulse) a time 
record should be obtained simultaneously. Figure 218 exhibits a typical 
record of pulse, respirations, and time, and the method of counting 
under a reading glass. 

It is a perfectly familiar fact that a child, even when perfectly 
healthy, will not lie absolutely still for a long time even in profound 
sleep. Sooner or later a sensory irritation from some part of the body 
will cause a short series of movements by which the irritation is removed. 
If the irritation arises merely from pressure, the movements are usually 
very brief and have been designated “readjustment movements”’ 
to distinguish them from more extensive or more complex movements 
incident to waking or caused by pain. Figure 218 shows what is 
meant by this term. They occur in the record of every sleeping infant, 
but in the experiments at Bellevue Hospital were seen most frequently 
in an underweight child on the third day of a protein-milk formula. 
Doubtless they are aggravated, like the itch for muscular exercise, or 
fidgetyness, by a heavy protein diet. 

Comparable Conditions—The most approved procedure for securing 
comparable conditions in different children is to place them in the 
respiration chamber immediately after feeding. If the precaution has 
been taken to keep the subject awake for some hours previously, one 
can then be certain of two or three hours of quiet sleep. By employing 
the same formula with different children of the same age and apportion- 
ing the organic constituents according to age in children of different 
ages, comparable conditions as regards the dynamic effect of foods are 
secured. Schlossmann and Murschauser and later Howland studied 
the energy metabolism of infants while fasting. 7.e., about 18 hours 
after last feeding; but their results are not as concordant (Table 25) as 
those of more recent observers following the procedure just outlined. 
It is natural for a child to cry when hungry, and not to be quiet other- 
wise except when asleep. If sleep occurs without feeding, it is most 
probably the sleep of exhaustion or of stupor due to illness. The fact 
that an even lower metabolism may be obtained in normal sleep after 
feeding than in fasting (Table 25) denotes either that the sleep of 
fasting is not quiet and undisturbed, or that the ordinary food has no 
dynamic action (see section on ‘Dynamic Action,” p. 634). 

Environing Temperature—While the effect of external temperature 
aside from its influence in causing muscular motions is still in dispute, 
there is no doubt regarding the necessity of having comparable condi- 
ditions in different experiments. With infants, if the external tempera- 
ture falls so that a sensation of chill is produced, the natural result-is for 
the infant to cry, for this is the only means it has of increasing the 
metabolism. ‘This question is closely bound up with that of clothing. 
If a lower temperature is chosen at which the respiration chamber is to 
be maintained, the amount of clothing necessary to prevent crying will 
be greater than if a higher temperature is chosen. In the writer’s 
experience a temperature of 28°C. is most conducive to quiet sleep with 
no other clothing than a knit upper garment and a pair of stockings. 
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This sort of clothing is well adapted also to the metabolism frame. 
Under these circumstances the average child will not perspire sensibly 
unless he cries very hard. : ; . 

Body Temperature.—So long as normal infants are being studied the 
only object in recording the body temperature 1s to confirm other 
evidence that the subject really is normal at the time of observation. 
There is no evidence that slight variations of temperature influence 
metabolism perceptibly (p. 608). 

Comparison of Direct and Indirect Methods.—While for the sake 
of completeness the observations of many students of metabolism have 
been grouped together in the same table (p. 620), it must not be inferred 


Fia. 219.—Calorimeter Asiphon. (Richet) Tigerstedt: Handbuch der physiologis- 
chen Methodik, Leipsic, 1911, I Bd. 3d Abth., Fig. 17, p. 196. 


that the several methods employed are regarded as strictly comparable. : 
For example: The direct methods employed by the French observers | 
are not strictly comparable with that of the Atwater-Rosa-Benedict 
calorimeter with which Howland’s experiments were made. The 
French take no account of the heat of vaporization nor of that stored 
in or lost from the body itself. Further the Richet calorimeter a stphon 
is not strictly comparable with the D’Arsonval anemo-calorimeter. 
Bonniot* criticises the former because the interior temperature is not 
regulated, the clothing of the infant is not adapted to the environment, 
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and there is no ventilation, the child (Fig. 219) being shut up in the egg- 
shaped chamber only for a period long enough for the conditions to 
become stable. It would appear, however, from Bonniot’s remarks 
that this would require at least one hour, and he draws attention to 
older experiments by D’ Argonval which seem to prove that poor ventila- 
tion itself increases heat production. 

The principle of this apparatus consists in determining the expansion 
of the air contained between the two walls by means of a manometer, 
a rise in pressure, however, being avoided by balancing against the 
manometer a column of liquid in a siphon (Fig. 219). 


EE tee ee See eee 
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Fre. 220.—Calorimeter thermo-electrique of D’ Arsonval. (Tigerstedt: Hand- 
buch der physiologischen Methodik, Leipsic, 1911, I Bd. 3d Abth., Fig. 18, p. 
197.) 


The calorimeter which was prepared by D’Arsonval for Bonniot’s 
studies is thus described by the inventor.*4 It consists of a rectangular 
box, measuring 1 meter X 1.7 meter X 80 cm., having near its center a 
shelf upon which the child is placed. The chamber is covered with a 
glass top upon which is fixed a chimney 50 cm. high X 6 em. in diame- 
ter. Air enters below the shelf, passing first below the infant then 
above him before being drawn out at the chimney. An anemometer 

placed at the top of the chimney may be used to record the volume of 
air passing through after being warmed by the infant’s body. The 
rise in temperature is recorded by a differential, thermometer one bulb 
of which is in the chimney and the other in the outer air. The instru- 
ment is calibrated by means of incandescent lamps of known capacity 
placed upon the shelf inside and enveloped in a covering similar to that 
which covers the baby in an actual experiment and made up so as to 
occupy about the same volume. 
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The apparatus used by Variot and Lavialle'’* is constructed upon 
the principle of another D’Arsonval instrument, but modified by Lavi- 
alle. The original D’Arsonval form, known as the thermo-electric 
calorimeter, consists of two closed metallic cylinders of the same size, 
in one of which the infant is placed, and in the other an electrical heating 
unit of known capacity. The air enclosed within the double wall of each 
cylinder is connected to one limb of a differential manometer. Natur- 
ally the one which receives the greater amount of heat tends to expand 
the more and records the greater amount of pressure. By calibration 
with lamps of known capacity the readings of the manometer can be 
established in terms of calories. (Fig. 220.) 


Fic. 221.—Respiration calorimeter. The observations of Howland were made 
with this apparatus. (Williams, Journ. Biol. Chem., 1912, xii, Fig. 6, Pl. IV, pp. 
332 and 333.) 


The modification designed by Lavialle consists of a single cylinder 
which has been calibrated with electric lamps, but the readings of 
expansion are made froma graduated bell which dips in a vessel of water. 
Ventillation in both these types is accomplished by the heat of the 
subject’s body, an opening on the under side permitting entrance of the 
air and one at the top giving it exit. An anemometer is not used but a 
differential thermometer may be attached as in the calorimeter @ air 
used by Bonniot. 

It would seem from the description available on the use of this type 
of instrument that it is capable of giving very accurate results, so far 
as the measurement of radiant heat or heat of convection is concerned. 
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The heat lost by evaporation of water seems to be entirely neglected, as 
well as that which may be stored temporarily in the infant’s body. It 
is the more remarkable, therefore, that even by the D’Arsonval method 
the measured heat is usually considerably higher than that obtained by 
the indirect method (Table 25). 

As contrasted with these simple calorimeters the instrument 
designed by Rosa,* modified by Benedict, and adapted to the study 
of infant metabolism by Williams,?°* is an instrument of great precision 
(Fig. 221). The apparatus is at once a respiration machine giving all 
the data except nitrogen in the urine, necessary for the calculation of the 
energy exchange and an adiabatic calorimeter which takes up the heat 
of radiation and conduction in a coil of running water, the heat of 
evaporation by gravimetric determination of the water given off by the 
subject and even the most minute changes in body temperature by 
means of an electrical resistance thermometer placed in the rectum. 
In other words, one makes a study of the heat production by chemical 
means simultaneously with the heat loss by physical means. Only one 
such study of the energy metabolism in infants has ever been made, 
namely, that of Howland.’’ This study is classified in the table above 
with the indirect method for the reason that his published data of the 
heat as measured (direct) are not complete. Besides, the greater 
errors are known to be on the side of the direct measurements, notwith- 
standing all the refinements. Even with babies, however, it is pos- 
sible to secure results by the two methods which agree very closely. 
Howland found on six different days the following differences: 2.0, 4.1, 
0.7, 1.7, 2.7, 1.8, or an average of 2.1 per cent. This error is less than 
the average error in the direct method alone. 

The features of the apparatus already described (p. 563) for measure- 
ment of the energy metabolism of infants by the indirect method are 
copied after those same features of the respiration calorimeter just 
considered. Most of the problems of infant metabolism present or 
future can probably be studied even better with an apparatus of this 
type than with the respiration calorimeter, although some of them will 
require the much more expensive installation. 

Basal Metabolism.—Three different observers have attempted to 
secure the metabolism of the infant while fasting. Rubner and Heub- 
ner!®2 compared the metabolism of a breast-fed infant five and one-half 
months old and weighing nearly 10 kg. while on full diet four days with 
his metabolism on the fifth day when he received ,only tea instead of . 
the breast milk. The metabolism on the day of starvation was even 
higher than the average of four days on food. 

Two objections may be urged against this experiment: First, that 
no graphic record was obtained to prove that the infant was just as 
quiet on the starvation as on the food days. It is almost unbelievable 
that such should be the case. The second objection is that caffein is 
known to increase metabolism? and there is every reason to believe ~ 
that the closely related thein might have a similar effect especially upon 
an unhabituated infant. Howland* tried an experiment in fasting in 
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much the same way with an infant three months of age, and weighing 
4.65 kg., giving tea and saccharin instead of one-half milk and 5 per cent. 
milk sugar which had been the regular food. The result was the same: 
namely, that the metabolism was not quite as low even when the child 
was known to be asleep as while sleeping after a feeding. The first 
objection urged against Rubner and Heubner’s experiment would not, 
therefore, seem to apply, although a graphic record giving proof that 
sleep while fasting was just as peaceful as after feeding would be required 
to make the matter wholly convincing. The second objection has not 
been removed. Schlossmann and Murschauser!’® kept careful and 
continuous notation of the repose of their infants, and determined the 
metabolism repeatedly on three different female infants from 87 to 180 
days of age 18 hoursafter lastfood. Allreceived tea and saccharin which 
the authors used habitually to soothe their subjects to sleep. The aver- 
age minimal metabolism of the three was 12.22 gm. CO» and 11.02 gm. 
O. per square meter (Meeh) of body surface per hour, or 859 calories 
per square meter and 24 hours. This is lower than the average obtained 
by Benedict and Talbot on the six normal infants included in Table 25 
most of the observations on which were made within three hours after 
food, while they were very quiet or actually asleep. The average age of 
these six infants was 5.4 months, while that of the three studied by 
Schlossmann and Murschauser was 142 days. Both Benedict and 
Talbot and Murlin and Hoobler obtained a lower value, however, as an 
average of their observations on normal infants from two to three 
months of age. 

It will be apparent from this recital that the whole question of basal 
metabolism is complicated on the one hand by the difficulty of securing 
perfect repose without an immediately preceding meal, and on the 
other hand by the question of age. None of the researches yet 
reported have fulfilled in a wholly convincing manner the conditions 
now recognized as necessary to secure the absolute basal metabolism 
of infants. We must be content for the present, therefore, to speak 
of the lowest metabolism obtainable under the various circumstances 
as the “minimal metabolism.” As landmarks of progress in this 
direction, the brief table on page 635 may be borne in mind. 

It is somewhat hazardous to compare the results of different authors 
obtained on different subjects by methods which are not strictly alike; 
but the table suggests, if it does not prove, that the stage of digestion 
as well as the age of the infant are factors which must be reckoned with 
in attempting to arrive at truly basal conditions. The environing 
temperature was different in the three groups of cases cited, but the 
fact that quiet sleep was induced may be accepted as proof that the 
clothing was properly adapted to the temperature of the chamber. 

We pass now to a consideration of the two factors just mentioned: 
Namely, (1) the dynamic action of food, and (2) the influence of age upon 
the metabolism. 

Dynamic Action of Foods in Infants.—It will be seen later than the 
energy metabolism of the infant from two months to one year of age 
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TaBLe 27.—Averace Minimat Meraspouism or Norman INFANTS 


(All sleeping or nearly quiet) 


Calories per 
oe Age, square meter 
Authors Condition Cases averaged months’ | (Mech). and 24 
hours 
Schlossman and 
Murschauser......| Fasting 18 hrs. | 3(S, P, L.) 3 to 6 859 
Benedict and Talbot) Post-absorp- | 6(E. F., E. R., 2 to 3 809 
tive (?)* INGE SRS A oe 
IN: DE Bw FB) 
Murlin and Hoobler| One-half to 4(A.8., W.L., 2to3 843 
three hours E. H., E. N.) 
after feeding 
Benedict and Talbot| Post-absorp- | 2(E.G., P.S.) | 10 and 12 983 
tive 
Murlin and Hoobler| One-fourth to | 2(C. M., W.S. | 10144 and 1104 
5 hours after 12 
feeding 
| 


*No details given by authors for three of these infants. 


is about two and one-half times that of the adult on the basis of weight. 
This means that the alimentary tract of the infant must be at least 
two and one-half times as active as that of the adult in order to supply 
to the circulation the materials necessary for combustion. Added to 
this is the requirement for growth. It might be expected a priori, 
therefore, that the proportionately more rapid streaming of materials 
into the blood (p. 545) would set up a greater dynamic effect in the 
infant than in the adult. The evidence to date, however, is that the 
reverse is true. 

Rubner and Heubner were of the opinion that they had demon- 
strated a dynamic effect of cow’s milk when they found in their second 
study a higher heat production in an artificially-fed infant of seven 
and one-half months than in their first breast-fed infant of nine weeks. 
Using the latter as a basal experiment, they calculated that a diet of 
cow’s milk containing 44 per cent. more than the maintenance require- 
ment of energy had raised the metabolism in the former 9.7 per cent. 
The difference in the ages of the two infants together with the absence 
of certainty that the second infant was not more active than the first 
wholly invalidates their conclusions, 

The dynamic effect of protein in the metabolism of an infant was 
first proved by Howland. Adding four grams of nutrose (containing 
14.25 per cent. nitrogen) to each of three previous feedings increased 
the metabolism of his first subject, three months of age, 10 per cent. 
Adding 30 gm. to the food of his second child of seven months raised 
the metabolism 26 per cent. Murlin and Hoobler saw a similar effect 
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Dynamic Errect or ProTrern (HOWLAND) 
OO 


Date Weight Food Calories per hour 
(Hepe2s,nl Olilersts 4.32 34 cow’s milk, 5) 15.35 sleeping entire time 
per cent. milk 
sugar 
Bebra 2oe O10 es. a: 4.32 Same + 30 gm.| 19.31 sleeping entire time 
Nutrose 
Difference..... 3.96 calories = 26 per cent. 


from changing to a richer protein formula the diet of an atrophic infant 
(C. P. Table 26) three months of age. The nitrogen in the urine rose 
in response to the greater intake of protein and the heat production 
was increased more than two calories per hour. The child slept 
throughout, but made more frequent readjustment movements after 
the high protein feeding. Hoobler® followed up this subject inde- 
pendently and demonstrated a much higher-metabolism by feeding 
progressively higher and higher protein. formule. The following 
comparison of the periods on low and on high protein diets summarizes 
his results on a single subject. 


TasLE 28.—Dynamic Errect or Protrein (Hoosier) 


Calories produced 
Num- Degree | Increase 
ber of Food Distribution of calories Per square 
ae of repose Per EE RR cent. 
hour 
24 hours 
is} Low protein...... Sleeping | P, 12.2 per cent.; F, 26.4| 10.78 893 
per cent.; CH, 61.4 per 
cent. 
10 High protein..... Sleeping | P, 40.2 per cent.; F, 18.7] 12.74 1120 25.4 
Albumin-milk per cent.; CH, 41.1 per 
cent. 


The highest dynamic effect of milk protein ever recorded was 
obtained on this child on the twelfth day of the special feedings when 
the amount of protein (in the form of albumin-milk) in the 24 hours 
food was 43.3 gm. compared with 9.9 gm. in the basal diet. The 
dynamic effect in absolute terms was 108 calories for the 24 hours or 
42.4 per cent. 

The dynamic action of fat seems to be proved by the following 
observations made by Niemann?®? on a normal, though at the time, 
underweight, child four weeks of age. In one period of four days when 
the food contained 127 calories from protein, 105 from fat, and 168 
from carbohydrate, or 400 calories in all, the average daily metabolism 
was 521 calories or 1337 calories per square meter of body surface 
(Meeh). In the following period of five days the food contained 145 
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calories from protein, 368 from fat and 177 from carbohydrate or 629 — 
calories in all. The heat production averaged 569 calories per day or 
1443 calories per square meter. An increase of 70 per cent. in the 
energy intake (largely fat) increased the metabolism 10 per cent. 
Niemann'* observed a similar effect of increasing the fat in the food 
of an atrophic infant 22 weeks old. 

The writer is not aware of any experiment establishing the dynamic 
action of carbohydrate in infants (p. 609). 

The dynamic effect of a large feeding contrasted with a small one, 
without special reference to the Separate organic constituents is dis- 
cernible in the tables given by Murlin and Hoobler. One of these 
is shown in Table 26. Child 2, because he had not previously slept 
more than one hour in the respiration chamber on Feb. 17 was given 
two of his usual feedings only 15 minutes apart. This time he slept 
nearly through the second hour, but produced two and a half calories 
per hour more than he had produced on Feb. 14th when the feedings 
were two hours apart, or on Eeb. 16th when only one feeding was 
given. 

The evidence of dynamic action thus far applies only to surplus 
food. There is no satisfactory evidence that an ordinary feeding given 
at the time when the infant is naturally ready for it raises the metab- 
olism at all. In the first place the difficulty of securing perfect 
repose when the infant is hungry has thus far foiled all efforts to get a 
clean-cut contrast before and after an ordinary feeding. Although 
Schlossmann!”* states in one place that the effect of a meal may be 
discerned as long as 18 hours afterward, yet as already noted (p. 633) 
neither Schlossmann and Murschauser nor Rubner and Heubner nor 
Howland were able to demonstrate a lower metabolism in fasting. 
Benedict and Talbot likewise assert that in some instances the heat 
production (based on carbon dioxide) in their subjects 21 hours after 
food was slightly greater “even in periods of complete muscular 
repose”? than immediately after food.’ At times in their tables also 
(e.g., P. S., Table 23) the carbon dioxide falls progressively, in periods 
of no greater degree of repose, with the distance from feeding time : 
but just here lies the fallacy of basing heat production upon carbon 
dioxide without exact knowledge of the respiratory quotient for the 
time; for a fall in the quotient in succeeding periods after feeding milk 
is to be expected. The oxygen absorption, however, may rise at the 
same time (e.g. Child 3, C. P. Table 26, this Chap.) and it is well 
known that oxygen is a better index of heat production than carbon 
dioxide. In some cases Benedict and Talbot were able to note an 
increase of heat production (based.on carbon dioxide) “‘soon after feed- 
ing,” of from 5 to 10 per cent. above that obtained 18 to 21 hours after 
food in the same subject. Hellesen’~¢ determined the resting metab- 
olism of a normal infant five months old and found that when a part 
of the carbohydrate of the diet was replaced by an isodynamic amount 
of fat the heat production was increased 8.3 per cent. Schlossman 
made a similar substitution in kind though not in amount and observed 
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an increase in the metabolism of 15 per cent. (see section on metabolism 
from weaning to puberty p. 668). 

Respiratory Quotient—This is a convenient place to consider 
briefly the respiratory quotient. Very little need be added to what 
was said under this heading for the newborn. Carbohydrate is the 
food which influences the quotient most. Soon after a feeding of milk, 
whether breast or cow’s milk, the quotient will be found higher than 
just before, provided the feedings are two hours or more apart, and if 
easily assimilable sugars are added to the milk the quotient will be 
even higher. For example: An infant four months of age was given 
a dextri-maltose formula and the respiration experiments were begun 
on different days at’ successively longer intervals from feeding with 
the following?!”® results: 


Time after feeding Ree 
LS.onimiutes,; 2s hake ee ee 0.79 
SS minutes mae Ser hake eee: Sree 0.82 
hour. andiO:minutessaeqs. eae " 1.00 


From this point the quotient usually falls progressively (p. 583). 
Benedict. and Talbot’s?” data show many cases like the following: 


Case Time after feeding | rueichs 

Hs Buches. 1h eae, See 6 to 7% hours 0.80 
20 to 22 hours 0.78 

25 to 27 hours 0.73 

TR Sten eee ener atthe, ae Oto, SHOUTS. eee 0.82 
| 1814 to 21 hours 0.74 

24 to 261% hours (Deve 


Schlossmann and Murschauser, however, often found quotients as 
high as 0.84 and 0.85 as much as 18 to 20 hours after last food. No 
details regarding the composition of the food taken at the last feeding 
are given. 

The fact that the respiratory quotient is higher soon after a meal 
(and progressively falls from a point which may be placed at one to 
two and one-half hours thereafter depending on the formula) does not 
denote accelerated heat production, for it will be remembered that 


carbon dioxide has a lower heat value when the quotient is high than 
when it is low (p. 587). 
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Another reason why an ordinary feeding of milk does not raise the 
heat production* in an infant is the interesting fact first recognized by 
Rubner that protein retained for growth does not raise the heat pro- 
duction. In truth one can say that any foodstuff retained for growth 
does not raise the heat production. It is only when a surplusage of 
digestive products enter the circulation that oxidation of them is 
accelerated by adding more fuel to the fire or by stimulating the intra- 
cellular processes. In the infant or any other stage of active growth 
(pregnancy or convalescence), the materials entering the circulation 
are retained with greater avidity by the cells and therefore are not. 
exposed to the destructive oxidations to the same extent as in the nor- 
mal adult. Hoobler* has made this point as regards protein an 
object of special study in an infant, with the following results: 


PROTEIN PROTEIN PROTEIN CaALoRIns 
INGESTED, DESTROYED, ADDED TO » OF 
GRAMS GRAMS Bopy, Grams METABOLISM 
RENO el. 4... Muesentee fee Sout | 18.0 Load 363 
Periode. Lae pee 43.3 18.9 24.4 363 


Influence of Age on Basal Metabolism.—Basal metabolism is the 
term used to describe the fundamental requirements of the body 
for energy when it is resting, fasting, and kept comfortably warm. 
It is the lowest normal metabolism. With the infant thislowest metab- 
olism will always occur during sleep and at that distance from feeding 
time just preceding the point where hunger becomes so acute as to 
induce crying or some other form of activity. 

In connection with the dynamic action of food we have chosen to 
speak of the lowest metabolism yet attained as the minimal rather than 
the basal metabolism; for we have yet much to learn of the details of 
this subject. However, the minimal metabolism ordinarily seen in the 
infant, 7.e., the sleeping metabolism, of the recently fed infant, cannot 
be much greater than the basal metabolism if food really exercises 
so small an influence on total heat production as it seems to. We shall 
not go far wrong then in speaking of the minimal metabolism observed 
in infants of different ages as the true basal. 

It is now fairly established that this basal requirement varies with 
age. In a later section we shall discuss once more as it applies to 
infants up to one year of age the question whether surface area or 
weight is the better measure of metabolism. For the time being relying 
on the conclusions of Harris and Benedict (p. 548) from their biometric 
study of adults and newborn infants we may assume that surface area 
is at least slightly better. 

Benedict and Talbot first demonstrated the influence of age on the 
metabolism per unit of area (Meeh), although not recognizing the 
fact, in the following table: 


* It would not be correct to say “metabolism,” for the synthetic side of metab- 
olism (anabolism) is growth. 
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Tape 29.—Heat-propucTion PER SquARE METER OF Bopy-suRFACE (MEEH 
FormuLa) For NorMau INFANTS 


Heat per sq. 


Body-weight Heigkt! Experi- Pen 
Subject ee centi- Age mental | Periods (Meeh) 
kg. ; Aa dage calories: 
| per 24 hrs. 
| 
, | | | 
a8 ela 3.99. | se tag days 2 Ode ns 
1b Bree, 5.13 57 216 mos. 10 1S ea 759 
1b UD bas iene 4.90 58, | 2 mos. 2 4 802 
MOC ities Geng 63 4 mos. 3 7 837 
Toe UR, 182 5.99 64 4 mos. 4 11 844 
so Gites eat 9.37 74 10 mos. 3 5 907 
HAMS sans ee 1.98, rp 814 mos. 5 8 991 
P, W..: 7th 64 «| 7 mos. 2 5 998 


The next year Murlin and Hoobler brought together their own data 
from normal infants and those of Benedict and Talbot published in 
their second paper?! and conclusively showed that both on the basis of 
surface area and weight the metabolism of infants above six months of 
age is significantly higher than that of infants four months and less. 
The results are condensed in the following table: 


TaBLE 30.—BasaL Hnat PropuctTion FRoM Two MonrtuHs To ONE YEAR OF AGE 


| 
Months 2 3 4 6 % | 9 | 10-11 12 
l | 
Calories per hour and square 
meter ((Mieeh)!..s.. 06.006. 34.7 33.2 36.0 40.2 41.6 41.7 41.8 46.4 
Calories per hour per kilo- | : 
PERI: ic che cokes ale ein eb ens 5 2.43 2.29 2.4 2.56 Cy gil ey 2.34 2.61 


More recently this difference has been confirmed by Benedict and 
Talbot?* who have accumulated data up to the age of puberty. 

Surface Area Versus Weight as a Measure of Metabolism.— 
Previous to the publication of the most recent researches on infants it 
had been supposed that the metabolism is proportional to surface area 
regardless of age. Now that it is known to vary with age, the question 
may fairly be raised whether it is worth while longer to use surface area 
as a measure of energy requirement rather than weight. The status of 
the matter may be illustrated by the following table from Murlin 
and Hoobler. 

Here it is seen that on the basis of weight the metabolism of infants 
from two months to one year of age is less variable than it is on the 
basis of surface. One must be on guard here against the hasty con- 
clusion that metabolism in general is more nearly proportional to weight. 
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TaBLe 31.-SumMary or SLEEPING PERrIops SHowrne ReELation or Huar Pro- 
DUCTION TO Bopy WerIGHT AND SurRFAcH AREA (Mune) 


Average| Cal- - +e Calories thei 
Bie oe Age, net ories i per kilo- |* ~ 
Name Nutritive condition entheiaecee icond periods ey meter 
grams hour oe and hour (Mee}) 
aged and hour 
A. Sa........| Normal; overweight 2 5730 13.16 4 2.30 34.73 
Var ee as Sree Normal; slightly below | 2 4362 10.68 3 ' 2.45 33.80 
average weight 
a Sail ¢ Drone oe Normal; average weight | 216 4673 12.58 4 2.7% 37.84 
Bye 2 os. ca Normal; underweight 3 4132 10.65 4 2.59 34.99 
On Se eee Atrophic 3 2488 7.32 4 2.94 33.50 
OD ie desis 6 Normal; underweight 4 3410 10.24 3 3.00 37.60 
IM. Me... 2s: Normal; (?) positive v. 534 6456 16.62 4 2.56 40.21 
Pirquet; average weight 
Oa Normal; overweight 1044 9424 24.26 3 2.49 45.74 
(ines ho pas ee A Normal; average weight | 1114-12 9456 24.70 3 2.51 46.41 
BASIE see Normal (?) very much 12 5757 20.16 2 3.51 52.80 
underweight ; 
1 
Mean of all cases........ 15 Ae CLAUS STER RS cat Sa gle ee inten 2.75 39.76 
Meansomibhings a: sateen s sets cite cet Dee a eee ee bee) 2.63 38.31 
Niepnudevintlonnn ya aires ete MA tc era. Oy? Cie Syclsnrciantes 2502163) 3282 
(6.2%)| (10.1%) 


Taking the entire group of nine children in the table, or any other 
number of like range in age, weight is a more constant divisor. But 
this would not be true of any given age group. We have just seen 
(Table 30) that the average heat production of children above six 
months of age is higher both on the basis of surface and of weight than 
is that of children from two to four months inclusive. Attention may 
now be directed to the quantitative relationships between these groups. 


TABLE 32.—AvERAGE Hirat PRODUCTION 


Per Square Meter (Meeh) | Per kilogram of weight 
Calories per Mean per cent. Calories per Mean per cent. 
hour deviation hour deviation 
2 to 4 months.... 35.4 5.4 | 2.38 | 8.0 
6 to 12 months... 41.9 5.7 | 2.45 | 6.5 


The percentage deviation for.each age group is greater on the basis 
of weight than on the basis of surface which means that surface is a 
more constant measure; or that, within each age group, metabolism is 
more nearly proportional to surface. A sufficient number of observa- 
tions for treatment by the statistical method is not yet available, but 
in all probability a larger number will show the same relationships as 
were found for the newborn infant (p. 601); namely, that: (1) Surface 
is a slightly better measure of basal metabolism than weight, and (2) it 
makes little difference which formula is used to express the surface. 

Vou. I—41 
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As a practical consideration for the feeding of children it may be 
emphasized: (1) that weight (as shown by the data thus far considered) 
is a little better measure than surface when children of all ages are 
considered; and (2) that for children of the same age or for any group 
not differing among themselves very much in weight there is little to choose 
between surface and weight. 

A great deal of confusion has been created by the failure to recognize 
the truth of the second statement. It follows from the mathematical 
relationship between weight and surface that it makes no difference 
which of the several formule is employed to express the rela- 
tionship. Harris and Benedict have rendered a service to the science 
of metabolism and nutrition in calling attention to the fact that since 
surface is usually expressed as a quantity in which the two-thirds power 
of the weight enters as a factor, it must of necessity be less variable 
than the weight, but they announce with an apparent air of triumph 
the discovery that surface after all is only a little better measure’ of 
metabolism than weight. As a matter of fact, from the very mathe- 
matical relationships it could not be a very much better measure as 
between individuals which do not differ much in size. Some illus- 
trations will make this clear. Suppose we have two infants weighing 
7 and 8 kg. respectively. Expresssing their weights in grams and their 
surfaces by Meeh’s formula in square centimeters, we have these 
proportions: 


WEIGHTS SURFACES 
7000 4354 
8000 4760 
7000: 8000: :0.88:1 4354:4760::0.91:1 


That is, if we had two values for the heat production of these two 
infants, say 880 and 1000, which were exactly proportional to their - 
weights, they would be at the same time almost proportional to their 
surfaces and vice versa. 

Taking two children weighing 20 and 21 kg., we have the following: 


Weights: <0. f2. cure whan ties, tnsre ee tie 20,000: 21,000: :0.95:1.00 
Surfaces? eo eee cee 8768: 9058::0.97:1.00 


or two youths weighing 40 and 41 kg., and we have 


Weightat™ acccae nance ete eatec ate 40,000: 41,000: :0.98+:1.00 
Surfaces 0s Naw secre ate ene eae 13,920: 14,150: :0.98—:1.00 


Here the two measures are of exactly equal value to 2 places. Neither 
weight nor surface could be a better or a worse measure of metabolism. 
Contrast with this, however, the relationships when weights are 
farther apart. If we have two individuals weighing 4 and 40 kg., or 
aa better, a newborn child weighing 3.5 kg. and a man weighing 70, 
hen, 


Welehiteisms. «nets 4: 40ss O80 Sst 3.5: 70::0.05 :1.00 
Surfaces. 001.000. 2999:13,920::0.21:1 2743 :20,210::0.135:1.00 
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In the one case the weight of the older is ten times that of the younger, 
and in the other it is twenty times, while the surface is less than five 
times in one case and about seven in the other. Surface, therefore, 
might be twice as good a measure of metabolism as weight, as between 
the first pair, and nearly three times as good as between the second 
pair of individuals. From purely mathematical considerations it 
might also be twice and three times as bad a measure. Asa biological 
fact now well known, however, it is better, z.e. , heat production is much 
more nearly proportional to the surface than to weight in animals of 
the same species but of widely different size. 

In the judgment of the writer it is grossly incorrect to suppose that 
physiologists have believed the metabolism to be absolutely propor- 
tional to surface regardless of circumstances. Rubner!4 for the Ger- 
man literature and Richet'’ for the French are responsible for the 
first demonstrations of the applicability of the law. Rubner worked 
with dogs of adult stature but widely different size, estimating their 
metabolism by the indirect method. Richet worked first with rabbits 
ranging from 2,000 to 3,000. grams in weight but he determined only 
the heat of radiation and conduction, neglecting, as all subsequent 
French observers have done, the heat given off by evaporation. Nat- 
urally his quantities would be more nearly proportional to surface than 
the total. However, in the estimation of surfaces he says, “if one 
supposes that animals of different size are like spheres of different 
volumes, then the respective volumes are among themselves as the 
cubes of their radii; while the respective surfaces are among themselves 
as the squares of their radii. These considerations apply to living ani- 
mals, and, since their form is so irregular compared with that of a perfect 
sphere, one can only apply the geometrical facts to them approzi- 
mately.”’ Further in summing up the factors which determine heat 
production Richet notes that one of these is “the nature of the integu- 
ment.”’48 In two important respects, therefore, Richet made saving 
clauses regarding the application of the law of surface, one concerning 
the measurement of surface and the other concerning the nature of 
the skin, meaning, of course, its conducting properties. Rubner in the 
beginning considered that he had demonstrated the law only for adult 
animals and later in applying it to children made this very emphatic 
reservation: “‘The law of surface area holds under all physiological 
conditions of life, but for its proof it is a reasonable presumption that 
only organisms of similar physiological capacities, as regards nutrition, 
climatic influences, temperament, and functional power, should be 
compared.'®° Other students of metabolism who have really under- 
stood the law have made similar reservations. Thus Schlossman says, 
“‘the presumption is on the one hand that the environment is relatively 
normal, on the other that the child has a relatively normal surface, 
that is, a functioning and good conducting skin with the normal 
amount of subcutaneous fat.’’!”° Otherwise the law could not be 


expected to apply. : 
We must distinguish clearly the arguments against the law of 
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surface as of two classes: (1) On the basis of fact and (2) on the basis 
of explanation. The arguments against the law, so far as they rest 
upon facts, as we have just seen, seem to have been misconceived. 
It never was supposed by its chief proponents that the law would 
apply to all physiological and pathological conditions but only to 
similar physiological (normal) conditions. Also, a very superficial 
understanding of the necessary mathematical relations shows that the 
law has natural limitations which must be recognized if one is to 
avoid compromising it with impossible conditions. 
The arguments against the law on the philosophical basis are more 
difficult to meet. There is no doubt that Rubner, following Berg- 
mann, has conceived of the law as causally related to Newton’s law 
of cooling. This dependence as commonly accepted may be phrased 
in this way. Solid bodies when warmed lose heat in proportion to 
their surfaces. Since the heat production of animals seems to be 
proportional to surface area, it would seem to follow that heat is 
produced in order to replace that which is lost or to maintain body 
temperature. It is the teleological aspect of the case which has called 
forth most criticism. To say that heat is produced at such and such 
a rate in order that body temperature must be maintained denotes, 
some say, an all too naive conception of nature. Blood does not coagu- 
late in order to prevent hemorrhage, but because certain chemical 
agents are present and have certain properties. The fact that it does 
stop hemorrhage is quite incidental. It may indeed have selective 
value, so that a species whose blood did not clot would have the worst 
of it in the struggle for existence, but it will never do to say that this 
chemical physiological function originated for the purpose of prevent- 
ing hemorrhage; for that would imply a mind at work in anticipation 
of the result. So also with heat production. These critics, of whom 
Kassowitz has been chief, prefer to account for heat production in a 
perfectly causal manner. ‘Small animals maintain a higher rate of 
oxidation, it is true, than large ones, but this is not because they lose 
heat more rapidly in consequence of greater (relative) surface, but 
because their alternating movements (later phases caused reflexly by 
earlier phases) follow one another more rapidly on account of shorter 
nerve paths.°? Kassowitz indeed finds that the higher rate of oxida- 
tion in small, warm-blooded animals has even for them “ dysteleological 
consequences; for because of the more extensive muscular contractions 
more food and reserve substances are placed in requisition and by 
this means the deposit of reserve fat in the whole body, and especially in 
the subcutaneous tissues, is made more difficult, so that the protection 
against cooling—which a thick layer of fat prevents—fails in part 
amongst the very animals which need it most.’’%? Even Kassowitz 
is obliged to admit, however, that “‘in warm-blooded animals which are 
in a position to maintain their own body temperature under the most 
diverse conditions, one can claim the appearance of some justification 
that their living parts produce heat in order to protect the body against 
loss by radiation, etc.’”’*? Whether this is a real justification or only 
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the appearance of one will not trouble the practical pediatrist so long 
as the generalization that human beings of widely different size produce 
heat in proportion to surface rather than weight, and therefore require 
food energy in this proportion, helps him to understand his feeding 
problems; and there is no doubt that the law of surface area has been 
immensely useful in this connection. It explains the much higher 
requirement per unit of weight of the young individual in comparison 
with the adult, better than the so-called causal explanation cited by 
Kassowitz. It explains also much better the need for conservation of 
heat in the infant, and the role which subcutaneous fat plays in this 
connection. | 
The Role of Body Fat.—As between two infants of the same age, 
one fat and the other thin, the latter consumes more food per unit of 
weight, and if the difference in subcutaneous fat is great, more also per 
unit of surface as this is given by the several formule. Aside from 
hereditary influence on the body size, the chief cause of difference in 
weight of normal infants at birth or, for that matter, at any other given 
age, 1s the proportion of fat, which, in turn, is determined by the nutri- 
tive condition. We must now face the question whether this fat 
deposited for the most part beneath the skin, reduces the metabolism 
per unit of weight because it protects against the heat loss by radiation 
and conduction; or because it serves as so much ballast, so to speak, 
thereby cutting down the proportion of active tissue where heat is pro- 
duced. The question is not a new one. It has, in fact, been raised 
wherever marked discrepancies have been found in the application of 
Rubner’s law of surface area. Rubner!> himself, when he first ob- 
served such discrepancies in the application of the law (at that time 
but recently demonstrated for animals) to human subjects of- different 
ages, hinted at a difference of functional capacity, but dismissed the 
idea as one of minor importance. Magnus-Levy and F alk,1°° however, 
in their study of the influence of age on the respiratory metabolism, 
very clearly expressed the possible significance of differences in this ° 
proportion. ‘We shall not go far wrong,” they say, “if we absolve 
entirely from any true participation in the (energy) metabolism the fat 
laid down in the connective tissues and nervous system as dead reserve, 
if we ascribe only a little to the bones and connective tissue frame-work, 
and recognize the greatest contribution to energy transformation as 
coming from the tissues richest in protoplasm, the muscles, glands, and 
so forth.” In another place Magnus-Levy expresses the opinion that 
we “must take into account the mass of active protoplasm present in 
different persons.” Hdésslein“ goes so far as to say ‘“‘the metabolism 
is nearly proportional to the volume and vital energy of the muscles” 
and he explains the Bergmann-Rubner law on the ground that the mass 
and development of the muscles increases in the animal kingdom almost 
part passu with the superficial area of the body.’ This is substan- 
tially the position taken by Benedict and Talbot. Comparing the 
_ metabolism under minimal conditions of sixty-one different infants?! 
varying in nutritive conditions from extreme atrophy to very much 
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overweight, and in age from a few hours to 17 months, they find no 
parallelism between the heat production and body surface as given by 
any of the formule in use at that time, and none between heat pro- 
duction and body weight. They conclude that it is “the active mass 
of protoplasm which determines the fundamental metabolism.” 
Curiously enough, these authors appear to regard their findings as a 
crucial test of the law of surface area; whereas the conditions necessary 
for its proof, recognized by Rubner!®° were not in the least complied 
with. 

By reference to the charts on pp. 665 and 666 it may be seen that 
in general atrophic infants have a higher metabolism than infants of 
normal weight and infants of overweight a lower metabolism than either. 
The presence of fat always lowers the metabolism per unit of weight and 
according to either the Meeh or Lissauer formula it frequently reduces 
the metabolism also per unit of surface; while its absence produces the 
opposite effect. Are these facts to be explained by the replacement 
of active tissues by fat or to an effect of fat upon the heat loss? 

A study of the chemical composition of fat and atrophic infants’ 
bodies compared with infants of normal weight should throw some light 

-on this question. The following table gives the latest analyses 
available. 


TaBLE 33.—ComMPOSITION OF INFANT’S Bopy CoMPILED FROM VARIOUS AUTHORS 


In 100 parts 


Author Condition Age Weight | Dry | Ether 
Water | sub- ex- Ash N .- 
stance | tract 


Camerer and Sold- | Normal newborn} Average of | 2820 71.8 28.2 tO sSah Sor 1.8 
ner. * six infants | 


at term. 
Sommerfeldf..... . Normal infant | 3 mo. 4340 70.15 | 29.85 | 13.4 | 2.73 | 2.27 
- Steinitz No. III...} Atrophic infant | 3 mo. 2625 79.9 20.1 1.45152.73. |. 23 
Steinitz No. IV....| Atrophic infant | 243 mo. 1960 82.3 b i rf Loh ace 2.13 
Steinitz No. V..... Atrophic infant | 33¢ mo. 3220 79.8 20.1 1.98) 3.34 | 2.51 
Steinitz and Wei- | 
MOV Grreiaiows: ta, hate Fat infantt 4 mo. leu 58.94 | 41.06 | 244.17] 2.98 | 2.2¢ 


It is obvious from these figures that fluctuations in the amount of fat 
are offset by fluctuations in the content of water; in other words, fat, 
instead of replacing protein or being added to the other constituents of 
the body, actually replaces water, leaving the percentage of protein 
(active tissue?) the same. 

From the charts (Figs. 223 and 224) and from the data presented 
in Table 30 we have abundant evidence that the metabolism increases 
rapidly from birth to at least one year of age. The difference in nitro- 
gen content of the infant’s body from birth to 2, 3, and 4 months of age 


*Camerer and Soldner: Ztschr. f. Biol., 1902, xliii, 1. 
+ Sommerfeld: Arch. f. Kinderh., 1900, xxx, 253. 


; hi This child had been fed by its mother on gruels containing a large preponderance of carbo- 
ydrates. 
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as given in the table is due in the main to loss of water. This is sug- 
gested also in Niemann’s'*? study of the water metabolism of the 
same infant at various points from 16 to 42 weeks of age. It would 
seem therefore that the coincident increase in metabolism may be 
explained by a loss of water and a consequent gain in the metabolic 
activity of the protoplasm. 

But the constancy of the protein content between children of the 
same age (nearly) but of different nutritive condition seems to make it 
clear that the proportion of active protoplasm as compared with fat 
can not be the cause of the observed differences between thin and fat 
children. Nitrogen content is the best criterion we have at present of 
the protoplasmic mass. 

Benedict and Talbot”? present the following very interesting table 
comparing the metabolism of infants of different ages but of approxi- 
mately the same weight and height. In every instance the older 
infant has the higher metabolism. 


TaBLeE 34.—Comparison OF HEAT PRODUCTION OF INFANTS OF LIKE BopyY-WEIGHT 
AND Hercut, But oF Dirrerent AGEs (BENEDICT AND TALBOT) 


Heat produced 
Body- wee 
Subject Sex weight, Height Se Per kilo- Per square 
2 months | Per 24 
kilograms gram per | meter (Meeh) 
hours, 
24 hours, | per 24 hours, 
calories : s 
calories calories 
| 
PAROLES Se cnihercts Os ote ak F. 3.18 53 4 226 71 876 
ANS SS Stk yn Spo eae F. 3. 38 53 816 297 88 1108 
SAIN es Better cs eer F, 5.40 66 6 353 66 962 
MEE Ste-ats ose conte M. 5.18 66 11 369 71 1034 
VERTIMAI ES Sees F, 5.47 62 4lg 285 52 770 
AND ieee |e ae M. 5. 63 62 8 467 83 1239 
FBO) robe alesicis, eters M. 5.28 62 416 305 57 846 
Dasa aio c. ers citelele ox M. 5.45 63 7 387 70 1039 
VEC IVES 3° ey ee. JE ing 5.47 62 4hg 285 52 770 
1S Eee ee Sr M. 5.45 63 i 387 70 1039 
12 Cees bee M. 5. 28 62 416 305 57 846 
PICA eae be as he M. 5. 63 62 8 467 83 1239 
Lathe als } ossenis os b5% F. 5.99 64 4 331 55 844 
RS aE SES etarrstay ous M. 5.71 65 ti , 381 67 1003 
LT her anys Ae cl M. 9.33 75 51g 420 45 797 
PMG HS Pitan see eee M. 9.37 74 10 479 ee PD 907 
| | | 


Their explanation was that the older infant having a deficiency of fat 
had therefore a greater proportion of active protoplasmic tissue. But if 
fat merely replaces water this can scarcely be the true explanation. 
The table can be used equally well to prove that the older infant has a 
specifically higher metabolism (which the authors now believe) or even 
to prove that the heat production is greater because the heat loss is 
greater. But for this purpose infants of the same age and of different 
weight (because of fat) should be chosen (as e.g., p. 653, Table 37). 
We must now consider the effect of the absence of fat. 


648 PHYSIOLOGY OF METABOLISM IN INFANCY AND CHILDHOOD 


Metabolism of Atrophic Infants.—In 1877 Parrott'*’ applied the 
term athreptic to all infants showing a retardation of development from 
any cause. By primary infantile atrophy or marasmus is generally 
understood today something more specific than this. There is emacia- 
tion with loss in weight often far below birth-weight and the cause Is a 
primary failure of nutrition. The loss of vitality which ultimately 
ensues carries with it a failure of heat regulation and a consequent sub- 
normal temperature. The metabolism of such cases uncomplicated by 
demonstrable infection should be considered at this point in comparison 
with that of the normal infant, because of the special interest attaching 
to the role of body fat. Here we have infants often utterly devoid of 
fat. What effect does fat as an insulating medium have upon the heat 
production and therefore upon food requirement? 

In Table 35 are brought together all the known researches upon any 
phase of the energy metabolism of the truly atrophic infant.* These 
fall very naturally into two groups which may be distinguished at a 
glance by the level of metabolism whether on the basis of weight or 
surface. The all-day experiments of Rubner and Heubner,'® Nie- 
mann, !3 Bahrdt and Edelstein,® and Frank and Wolff®® include all the 
effects of muscular activity, crying and mere restlessness inherent in 
the life of an infant three to eight months of age; while the short-period 
experiments of Howland,** Benedict and Talbot,??:?! and Murlin and 
Hoobler!”* eliminate the activity factor more or less completely by 
taking the metabolism only during quiet sleep or periods which approach 
this state of repose. There isa difference of fully 100 per cent. between 
the lowest sleeping metabolism (Howland’s case) and the highest 
metabolism (Niemann). There is, however, as would be expected, 
with a sufficient number of cases an easy gradation from one group to 
the other with the mean lying at about 1,000 calories per square meter 
of surface (Meeh). The lowest all-day result (Rubner and Heubner) 
coincides with the highest minimal activity experiment shown in the 
table (Benedict and Talbot). 

The influence of age is also readily discernible. The oldest child 
used in the all-day experiments gave a result which is probably the 
highest (average) in the table (Bahrdt and Edelstein) and the youngest 
child of this group gave also the lowest metabolism (Rubner and Heub- 
ner). At the middle-range the relationship to age is obscured a little. 
One of Niemann’s five and one-half month’s children gave a metabo- 
lism lower than that of the four and one-half month’s infant of Frank 
and Wolff. This difference is undoubtedly due to a large extent to the 
difference in dynamic effect of the food. Frank and Wolff gave their 
infant ‘“Hiweissmilch”’ which as already noted (p. 636) in the case of 
Hoobler’s three months infant gave a marked dynamic action; while 
Niemann gave his smaller infant expressed nurse’s milk which would 
have a minimal dynamic effect compared with cow’s milk (II infant). 
With this single exception the results arrange themselves according to 


The contribution of Schlossmann!”4 is omitted because his infants as shown 
by Kassowitz®* were really convalescent at the time of observation. 
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age as well as could be expected where no record of muscular activity 
was kept. 

In the short-period work (with the exception of Howland’s case ) 
the influence of age again is evident. Taking the four cases of Bene- 
dict and Talbot (selected from their table as their only clear-cut 
instances of primary atrophy) a very striking gradation running up- 
ward with age is presented. The four varying in age from three and 
one-half to six months differ among themselves only 220 gm. at most In 
weight. Since from the authors’ description no other criterion of the 
relative stage of atrophy is distinguishable it may be assumed that this 
gradation is really, at least in part, due to age. It is very difficult to 
compare different cases however even with the help of copious notes, 
so that no dogmatic position can be taken from the data now at hand. 
It may be safely asserted only that most of the differences in metabolism 
presented by this exhibit of atrophic infants can be accounted for by 
the now well-established factors of metabolism. 

Something remains to be accounted for by the stage of atrophy 
itself. Certainly Howland’s case six months of age described as 
“literally skin and bones” was a more advanced stage of marasmus than 
Benedict and Talbot’s case of the same age described as ‘“‘a very much 
underweight and undernourished infant” who, ‘‘taking into account 
his subnormal temperature, general appearance and history, might be 
considered a case of infantile atrophy.” The difference in metabolism is 
quite too great to be accounted for by any difference in activity or food 
detectable in the records. The difference in weight also is negligible. 
It may be stated with assurance that in the last stages of marasmus the 
metabolism is much below normal. This factor doubtless plays its 
part in the higher level of metabolism attained by Frank and Wolff’s 
infant described as ‘moderately atrophic,’ than that attained by 
Neimann’s first subject one month older and described as ‘‘very 
atrophic.” The difference in weight bears out the description. 

Proceeding to the second part of Table 35 it will be noted that 
there are two important researches on atrophic infants one by each of 
the well known French methods. The work of Saint Albin!®* using the 
Richet calorimeter is more extensive; but the results of Variot and 
Lavialle!** obtained with the D’Arsonval thermo-electrique calorimeter, 
Lavialle modification, are probably more reliable (p. 632). Saint Albin 
gives his results in relative terms basing them upon Langlois’ standard 
of normal metabolism (Table 25). This standard, as pointed out by 
Variot and Lavialle, is too high because Langlois, following Richet, 
worked with nude infants exposed to a temperature which at the 
beginning of an observation was never above room temperature. If 
a normal standard is used it is found that all of Saint Albin’s cases, 
instead of only one-third of them, are above normal. The results of 
Variot and Lavialle are also much above what they consider normal 
(Table 25). 

Unfortunately it is impossible to compare the metabolism of Saint 
Albin’s atrophics with their normal prototypes except upon the basis 
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of weight. Variot and Lavialle on the other hand actually measured the 
surface area of their atrophics, according to the method of Roussy!*3 
(Fig. 200) and compared them with normal infants. The following 
are selected from their tables. 


TABLE 36.—Hzat Evimrnation or NorMAL AND ATROPHIC INFANTS (VARIOT AND 


LAVIALLE) 
Normals 
ob es TF Ee eee 
i} 
Calories Calories 
Nama Age, Weight, Surface Calories per per square 
; months grams (Roussy) | per hour | kilogram | meter and 
and hour hour 
Ciret ee: cats feo AA 5 5800 0. 294 20.0 3.1 68 
122 0 ee, NE, eee 516 7000 0, 306 22.0 3.1 72 
Atrophics 
Piet ek ree te eS. 5 4250 0. 222 19.0 4.5 79 
1 Oe as See Renee Se 5 3950 0. 230 16.0 4.1 70 
BER ra Rayer e aa sreuch chess ae etoreittirs 6 2860 0.192 14.5 5.0 75 
LEER AE RS SEES oe eee Se ee Se | 7 3740 0.201 17.8 4.76 87 
| | 


Here we have normal and atrophic infants of the same age, giving 
as would be expected, widely different levels of metabolism per unit 
of weight. The surfaces given are not derived from a formula based 
upon weight or weight and height but are probably much more nearly 
correct. It is particularly interesting for this reason to find the meta- 
bolism so nearly the same per unit of surface for atrophics as in the 
normals. The corresponding means for all the cases reported by Variot 
and Lavialle are 72 calories per square meter per hour for normals and 
74 for atrophics. In this comparison however age is not taken into 
consideration. The normals are of a higher age than the atrophics. 
It is as certain therefore as can be from the data before us that heat 
elimination as measured by the D’Arsonval calorimeter is somewhat 
higher for the atrophic infant on the basis of a square meter of surface 
than it is for the normal infant, of the same age. 

To get the full significance of this fact it is necessary to recall 
briefly the circumstances of the experiment as it is carried out with the 
D’Arsonval instrument. The infant is clothed. He lies on a shelf 
elevated above the floor of the chamber. The air enters below, circu- 
lates through the chamber, first below then above the subject and 
leaves by an aperture at the top. The heat eliminated by the child is 
carried away partly by convection, 7.e., is conveyed by the air current, 
and partly by radiation and conduction. The former may be measured 
by reading the velocity of the air current; the latter by noticing the 
expansion pressure exerted by the air contained between the walls of 
the chamber (p. 632). By far the largest part of the heat comes from 
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the skin; a small part (exactly how much the experimental procedure 
does not enable one to say) from warming of the inhaled air. 

Whatever this fraction may be it certainly would not be greater for 
atrophic infants, in whom atalectatic spots are frequently found in the 
lungs, than in normals. Probably it is much less. More heat per unit 
of surface from an atrophic infant therefore would mean more heat 
coming through the skin. Is this quantity greater because the atrophic 
infant has more active protoplasm to produce heat? Nobody who has 
ever seen an infant such as Howland describes can think for one 
moment that this is the case. There is certainly very much less ° 
muscle, for example in the five months-old atrophics in Table 36 than in 
the normals of the sime age. The only satisfactory explanation is that 
more heat escapes because the means of escape is easier—the skin has no 
fat underneath it to act as a conserver of body heat. And if the body 
temperature is kept up it is because more heat is produced in answer to. 
the greater loss. As a matter of fact it is well known that a subnormal 
temperature is often encountered in these infants, because of the 
excessive heat loss. : 

As already noted (p. 630), the experiments by the direct (French) 
methods are not strictly comparable with the indirect methods because 
no account is taken in the former of the change in body temperature from 
beginning to end of an experiment and the heat lost by evaporation of 
water isnot reckonedin. The higher metabolism by the direct method 
therefore is somewhat surprising. So far as the metabolism per unit 
of weight is concerned it may be accounted for in part by the lower 
temperature at which the experiments were conducted (e.g., 10°C. in 
Variot and Lavaille’s experiments, 20°C. Benedict and Talbot; 28°C., 
Murlin and Hoobler). We shall consider presently the influence of 
external temperature. Meantime it may be emphasized that there isan 
even greater difference between the direct and indirect methods on the 
basis of surface and that the reason for this is that Variot and Lavaille 
found the surface to be much smaller both for normals and atrophics by 
the method of Roussy than is given by the Meeh or even the Lissauer 
formula. Just how much reliance can be placed upon the Roussy 
method only a great addition to the number of actual measurements. 
now available can finally decide. Itis worthy of note, however, that the 
evidence from this method, such as it is, directly controverts the suppo- 
sition of Schlossmann, Bahrdt and Edelstein and Frank and Wolff that 
the surface as given by the Meeh and Lissauer formula is too small, and 
that the apparent increase in metabolism of the atrophic is to be 
explained inthis way. When the surface area of atrophic infants as com- 
pared with normals of the same age is accurately known it will probably 
be found that the metabolism on this basis is increased even more than 
has been indicated above. In the following comparison it would be 
well to bear in mind that there is more reason for thinking that the 
actual surface of an atrophic infant is decreased in proportion to weight. 
than for the opposite assumption. 

On page 647, Table 34, were brought together for comparison the 
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metabolism of infants of the same weight and height but of different 
ages and it was seen that in every case the older child has the higher 
metabolism, from which it has been argued that the metabolism is 
determined by the mass of active protoplasm. Since we now know, 
however, that metabolsim varies with age even on the basis of surface 
area it will be of advantage to compare infants of the same age but of 
different weight, in the same way. The cases given in Table 37 are 
compiled from the same source as those in Table 34. 


TaBLe 37.—MerTasouism or INFANTS oF THE SAME AGE BUT oF DIFFERENT 
Weicxt (Nurririve Conpition) (rrom BENEDICT AND TALBOT) 


| ~ Metabolism 
re 
Name Age, Weight | Height Per Pegi to ts 
months | Per day kilogram me 
| and hour (Meech) and 
24 hours 
LU a ee ee Po 33 4,47 55 286 63 873 
1D kal Ur gee Rr ee 3 7.07 62 311 44 708 
PAN ae ae Aen as 4 3.18 53 226 71 876 
DEM Bi Sisesen ck tees 4 5.99 64 331 55 844 
7a ee om Cy Pt 5 2.99 ? 225 75 911 
1S i ele, Se Rare bac 516 4.37 75? 420 45 797 
Oe Ean cats eee 6 3.18 ? 260 82 1008 
URS IN a ct es te, 6 5.40 66 353 66 962 
AS eee eee 816 3.38 53 297 88 1108 
EOS cctreed. eeeseeictae’s 816 4.72 66 353 76 1062 
ORLY As, SII 814 7.58 71 455 59 991 


In every instance (and the number could be considerably extended) 
the infant with the smaller weight has the higher metabolism per unit 
of weight and also per unit of surface. There are two possible explana- 
tions: One, that the surface area as given for the smaller infant by the 
Meeh formula is too small and therefore the heat production is only 
apparently higher (Schlossmann, Frank and. Wolff); and second, that 
the surface of the smaller infant as given by the formula is at least 
large enough (probably too large) and the metabolism is higher because 
the infant loses heat more rapidly. It need not be reiterated that the 
writer holds the latter view. At least it can scarcely be argued from 
this table that the lighter infant has the greater mass of active tissue. 
If this point is well taken we have an explanation which applies equally 
well to the results obtained by the direct and those obtained by the 
indirect methods of study. , 

The very low metabolism in the case of an eight-months child with 
congenital absence of cerebral hemispheres recently reported by Tal- 
bot!88 would seem to be in line with the explanation of the influence of 
body fat here adopted. 

Influence of External Temperature.—There is no doubt that the 
rate of heat loss by radiation and conduction is affected by the external 
temperature. This is readily seen in the experiments of Richet, of 
Langlois and of Variot and Lavialle upon infants by the method of 


654 PHYSIOLOGY OF METABOLISM IN INFANCY AND CHILDHOOD 


direct calorimetry. Richet made the first heat measurements ever 
recorded for infants and among his earliest observations were the 


following: 


TABLE 38.—HeEat RADIATION FROM THE INFANT’S Bopy aT DirrERENT TEMPER- 
ATURES (RICHET) 


Temperature, degrees | Number of observations, | Radiation calculated per 
Centigrade averaged kilogram and hour 
18 2 4.532 
19 3 4.484 
20 2 4.218 
21 1 3.762 
22 4 4.090 
23 if) 3.135 
24 2 2.689 
25 1 2.622 


Variot and Lavialle conducted most of their observations on normal 
and atrophic infants at 10°C.; but by way of contrast conducted a few 
at 20°C. The following may be selected from their tables by way of 
illustration. The infants selected were normal. 


CALORIES PER 
KiLoGRAM AND 


Hour 
dl (Vg ae teenth ea CON, NBs Breen AA Ria aces apne rs ig De oe 
AG 205 CAE ED Dee Sees, WAR UES ie. WORE e Bae Soe DSO, 200 


Such differences as these do not signify of necessity that the child 
is producing more heat at the lower temperature, for, as noted on page 
539, it is generally believed that cold alone independently of muscular 
motions does not increase the respiratory exchange in the adult. This 
has been confirmed for the infant by Schlossmann and Murschauser. 179 
Careful record of every visible muscular movement of their subjects 
was made and it seems clear from the result that a difference of seven 
degrees at the range studied does not materially alter the metabolism. 
The greatest difference found is reproduced below: 


eeeeeeeSSSSSSSSSSSeeee 


COs, grams Oz, grams 
Temperature, ; 
egrees Per kil iy a5 il 
ny -akebhourul’ WP iietes seer hele sad nae ON Glad eee 
16.9 0.950 12.12 0.800 10.21 
23.4 0.928 | ASS OVS | 9.77 
Sg aT Wn nn al 


In the two experiments here recorded the conditions as regards mus- 
cular activity were ideal in that the child slept throughout the periods 


ENERGY METABOLISM OF THE INFANT 655 


of observation. In two other experiments on the same child there was 
nearly the same difference in metabolism, but the higher result occur- 
red at the higher temperature. There is no question of the influence 
of food involved, for all of the experiments were conducted 18 hours 
after last feeding. only tea and saccharin being administered. One would 
like to be reassured, however, regarding the pharmacological action of 
thein and saccharin (p. 633). 

If, then, the child radiates more heat at a lower temperature but 
does not oxidize more food (produce more heat), it follows that less 
heat must be lost by some other means; namely, evaporation of water. 
This function in the infant is known to be well developed even at 
birth’ and is of equal importance with that of heat production in the 
regulation of body temperature. It seems to be the insensible perspira- 
tion’®’ rather than perceptible sweat which is of greatest importance 
in keeping the body temperature from rising above the normal. 

The Importance of Clothing in Heat Regulation of the Infant—No 
treatment of the subject of metabolism of infants would be complete 
without at least a brief discussion of the influence of clothing. An 
attempt to visualize the influence of this factor upon the internal 
processes of energy metabolism is all that will be undertaken here. 

Returning to the experiments by direct calorimetry, it may be 
_noted that Variot and Lavialle observed very considerable differences 
in normal children by making what would appear at first sight to be 
rather trivial alterations in the clothing. The experiments were con- 
ducted at 10°C. Replacing a woolen diaper with a cotton cloth of the 
same dimensions increased the radiation 75 calories in 24 hours or 
enough to require the combustion of 100 gm. more of cow’s milk. On 
the other hand, placing a single woolen cover over the child cut down 
the radiation 60 calories or 85 gm. of milk. The authors do not at this 
point sufficiently safeguard themselves against leaving the impression 
that this difference in metabolism actually occurs. It is obvious upon 
reflection that much of the heat saved from radiation by the woolen 
garment is removed by evaporation so that the total metabolism is not 
materially changed. The special virtue of wool as a clothing material 
is not so much that it prevents altogether loss of heat as that it retards 
loss of heat by radiation and facilitates its loss by slow evaporation. 
The experience of many an army officer in wearing woolen socks and 
woolen shirts in summer for the first time in his life is an illustration 
in point. 

Variot and Lavialle exposed the limbs (legs and thighs) of some of 
their normal infants to the air at 10°C. and found in the case of one 
child 18 days old that an increased radiation and conduction of 160 
calories, the amount contained in 225 gm. of cow’s milk, resulted. 
Exposing the arms alone made a difference of 40 calories and covering 
the head reduced radiation and conduction 50 calories. Evidently 
an increased radiation in each case was accompanied by a reduced 
evaporation by reflex effect of cold upon the sweat glands or by vaso- 
constriction limiting the flow of blood to the surface, or both; for there 
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is nothing in the literature of metabolism either of adults or of infants 
to warrant the supposition that exposing the legs or arms alone would 
increase the heat production in such proportions. The point is one 
which calls for early reinvestigation with a respiration calorimeter 
adjusted to different temperatures. 

Helmholtz7? and McClure and Sauer? a few years ago drew atten- 
tion to the urgent necessity of attention to the factor of clothing for 
the infant in adaptation to higher temperatures. Experiments with ° 
puppies by the last named on the effects of a close-fitting cover of 
poorly conducting material (Canton flannel) sewed about the body 
proved that interference with heat loss in this manner is rapidly fatal 
when the external temperature (incubator) was brought to a level 
approaching that of the body itself. A considerable proportion of the 
deaths among infants in the early days of summer is believed by many 
to be due to this form of heat stasis and nothing else. From the 
standpoint of energy metabolism, the moral is that the processes of 
oxidation cannot be reduced below a certain basal level, if a full calorie 
diet is given, and still less if it contains a high protein ratio (p. 636); 
consequently there must be adequate means of removing the heat. 
It would seem that infants differ among themselves not a little as 
regards their capacity to regulate their body temperature whether 
by increased heat production (reaction to cold) or by increased heat 
loss (reaction to heat); and a practical physical means of determining’ 
the reaction capacity of the infant without subjecting him to untoward 
conditions would be a distinct advantage. 

One other relationship recently emphasized by a study of thermal: 
regulation in guinea pigs®° is that at extreme temperatures the law of 
surface has only a relative value. At 35°C. the law no longer applies 
rigorously, apparently because of the inconstancy of the body tempera- 
ture. In a warm environment like this the rectal temperature is 
higher the larger (fatter) the animal, while in the cold the rectal tem- 
perature falls with the weight of the animal. Large (fat) animals are 
therefore more sensitive to high temperatures while small (lean) 
animals are more sensitive to cold. This reinforces what has already 
been said regarding the rédle of body fat (p. 645). As applied to the 
child with its heat regulating mechanism imperfectly developed, these 
difficulties are certainly even more serious. Hence, the necessity of 
assistance, properly adapted to the amount of subcutaneous fat, 
through clothing. 

In the experiments by Gétsch on guinea pigs, just cited, it was 
noted that the production of CO, at 35°C. was 72 per cent. less than 
at 5.5°C.; and that the metabolism was progressively, though not pro-— 
portionally, higher the lower the temperature. These observations are 
confirmatory of older observations by both Rubner!®> and Murs-— 
chauser'! on the same animal, and by Rubner on the dog. In none of 
these experiments were the muscular motions of the animals recorded, 
so that it must remain doubtful as regards these animals whether there 
1s such a thing as a pure effect of temperature. All agree, however, in 
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the observation that as the environing temperature is raised the meta- 
bolism ceases to fall at about 30°C., and from this point upward rises 
again. This is because the body temperature rises. This factor must 
now be considered briefly. 

The Influence of Body Temperature.—A body temperature above 
normal in the absence of pathological processes is spoken of as a physio- 
logical fever. It may be most rapidly produced by surrounding an 
animal which has a limited capacity to perspire with an environing 
temperature near that of the body itself. The avenues of heat loss 
become, so to speak, clogged and the current of temperature produc- 
tion is dammed up in the organism. The animal responds by reducing 
its muscular motions to a minimum; it may stretch out on its back 
exposing the abdominal surface as much as possible in the familiar 
attitude of the tabby cat on a hot day; but if the external temperature 
continues to rise the basal metabolism is still too high and the body 
temperature rises. The processes of oxidation are thereby accelerated, 
more oxygen being consumed, more carbon dioxide produced and more 
heat generated. A vicious circle is established and a hyperthermia 
results from which the animal inevitably will die if the external condi- 
tions continue. In a toxic fever the avenues of heat loss are likewise 
inadequate. Recent studies on typhoid and malarial fevers by 
DuBois®: *° and his colleagues, using the respiration calorimeter, 
show that the organism is embarrassed in much the same way that an 
animal is in a physiological fever. While the body temperature is 
rising there is an increase in the metabolism. In malaria this occurs 
during the period of chill and may amount to as much as 100 to 200 
per cent. of the normal rate. The heat loss remains near normal, 
hence is not adequate to keep up with the production and body tem- 
perature as a consequence rises. In the period of subjective warmth 
following the chill the avenues of heat loss are gradually opened up 
(perspiration) and the body temperature falls. Heat production long 
since has returned to normal. Contrary to the older conception that 
toxic fevers are due solely to interference with heat loss, we see that 
they are produced in much the same way that a physiological fever is 
produced, that is, by an acceleration of oxidation with the heat loss 
remaining low. Fevers in infants have not yet been studied by the 
indirect method. Some interesting observations by the direct method, 
however, have been recorded by French authors. Thus Langlois*® 
taking as normal a heat “production” (measured by radiation only of 
the nude body at room temperature) for infants of 7 to 10 kg. body- 
weight, of 4.0 calories per kg. an hour, “which accords with the 
eighteen observations of Richet,” finds the metabolism of chronically 
sick infants with subnormal temperature constantly below, and that of 
febrile cases constantly above this level. Two cases given on the 
next page are selected for illustration. 

Bonniot,** in a study of thermometry and calorimetry in infants 
ill with fever, presents some interesting curves of body temperature 
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and heat elimination showing in every case, in accordance with the 
recent results in adults, that the point of maximum heat loss follows 
the point of maximum temperature. Respiration experiments on 
such cases it may be expected will show, in time, that the rise in tem- 
perature is due to increased oxidation before the means of heat loss 
have sufficiently reacted to meet the conditions. As already concluded 
from the statistical study of body temperature in relation to meta- 
bolism of the newborn (p. 609), the temperature is a consequence, not 
a cause, of the metabolism. 


Case : Body Heat Body ie 
number Disesee temperature | radiation | weight o 
Ol ae eeats 2 | Tuberculosis 35.4°C, 2.990 5.00 2 years 
CVIII.....| Broncho-pneumonia 38.7°C. 4.350 5.00 | 2 years 


The Influence of Muscular Activity—Here we have a factor in the 
total metabolism which becomes increasingly important the older the 
infant becomes; for not only does the basal metabolism increase with 
age (p. 639), but the mass of muscular tissue increases proportionally 
to the vegetative organs, and the continuous myelinization of motor 
pathways in the nervous system brings it more and more into action. 

The first attempt to estimate the activity factor of the infant by the 
indirect method was a comparison on the 24-hour basis made by Rub- 
ner and Heubner!®* between the metabolism of their second breast-fed 
infant (1219 calories per square meter) and that of their first (1006 
calories per square meter). The difference of 21 per cent. they 
ascribed entirely to this cause. Since the first infant was two and one- 
half months old while the second was five and a half, it is now assured 
that a part of the difference was due to age. Schlossmann and Murs- 
chauser'®? made the activity factor a special object of study in a com- 
parison of the same infant while perfectly quiet and while crying hard. 
The child was two and one-half months old and weighed 2680 gm. 
They obtained these results: 


a 


oop ete meter Tnurenee 
Condition Mi 
| CO:, grams / Oo, grams | COs, per cent. | Ox, per cent. 
i | 
Quiet et: Vt t00 Mae 12.12 | 10.86 
Cryin hard... ee ee LO SSO st 15.64 59.4 44 


The extra metabolism in this case amounts to 1657 kg.-m. for one 
hour and assuming as the authors do that one-third of the extra meta- 
bolism may have taken the form of effective mechanical work, the 
infant would have preformed 550 kg.-m. of work which is the equiva- 
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lent of one-fifteenth the amount done by an adult at hard labor. The 
estimate is certainly too high; for the most effective form of muscular 
work which a man can do, namely; lifting the body with the leg muscles, 
rarely exceeds one-third of the extra metabolism (p. 5388). Working on 
a bicycle ergometer the muscular efficiency is only 21 to 28 per cent. _ It 
is not to be supposed that an infant in the act of crying can convert any- 
thing like this amount into effective work. A much higher ratio (than 
two-thirds) therefore doubtless takes the form of free heat. 

Schlossmann!”7 has: made an estimate of the activity factor in 
another way. A child weighing 3500 gm. he estimates, on the basis of 
his and Murschauser’s determinations, has a maintenance metabolism 
of 237 calories for 24 hours. Such a child consumes 500 gm. of breast 
milk with the following utilization: 


a SE 


Protein, N, Fat, | Lactose, : 
Calories 
grams grams | grams | grams 
500 gm. breast milk........ 6.0 0.96 20.0 Som) 354.0 
Retaming 30 em 2.5.4,. i72 woke 0.594 3.69 
PE PrOn GE oo ck. kn Soma 02806: Ne 1G. SI tS ye 50.0 
LNG Ee) aN se NGA 5s 0.100 Ooait 
Metabolized............. et 0.266 16.0 35.0 
(Calories, ts 5.2 ae eae a Tok 149.0 143.5 299.6 
Maintenance............ sige eee eh mate e a Bl, MLE. f 237.0 
For muscular work (difference) ... | ..... Ao vu 2B ae 62.6 


SE er ee, ee a ee 
The 62.6 calories amounts to 26.5 per cent. of the maintenance meta- 
bolism. In another place Schlossmann!? estimates that older infants 
with more active movements may use up an amount of energy equal to 
30 to 40 per cent. of the maintenance metabolism. 

Most of the observations reported upon the influence of muscular 
activity (crying) in infants are not uncomplicated by inequality in the 
influence of food. It cannot be overlooked that a child which is rest- 
less possibly from gas or an overfull stomach may at the same time be 
receiving a considerable dynamic stimulus from a high protein or high 
fat formula. The following citations seem to be entirely free from 
objections on this score. A normal child two months of age (Child 2, 
Table 26) was placed in the respiration incubator on each of two days’ 
which will be contrasted below, at the same interval after feeding. 
During the first hour on each day he slept perfectly throughout and the 
basal metabolism was the same. In the second hour of the second day, 
however, he slept one-third of the time (21 minutes) and cried quite 
actively and continuously for two-thirds (40 minutes). The meta- 
bolism was augmented as follows: 


660 PHYSIOLOGY OF METABOLISM IN INFANCY AND CHILDHOOD 
pe a URS Sn EE en ee Le eee 


Condition | Calories per hour | Calories for 24 hours 


Qusesioner or nibio eh cornet? Papiaon 11.39 © 286 
Crying two-thirds of time.....|  17.45=-+44 per cent. 415=+129 Calories 


ee ee eee 


If it could be imagined that this child would sleep quietly one entire 
day and cry actively two-thirds of the time on the next his metabolism 
would be increased 44 per cent. or 129 calories, the equivalent of nearly 
200 gm. of breast milk. The reason why a crying child “wants to 
nurse all the time” is obvious. The increase noted in this instance 1s 
the same as that observed by Schlossmann and Murschauser as regards 
the oxygen absorption of their infant of nearly the same age but very 
much lighter in weight; but is a little higher than was developed by 
Howland’s underweight baby of seven months ‘while actively strug- 
gling and crying.” The vigorous, lusty crying of a healthy, robust 
infant is naturally much more energy-consuming than the feeble, 
thin-voiced, though possibly just as “active” (relative to capacity) 
wailing of a sick infant. 

A second infant three months of age (Child 4, Table 26) was fed 
exactly the same in amount and formula on two successive days, and 
was placed in the respiration apparatus at the same interval from feed- 
ing. In the second period of the first day he slept throughout making 
only three readjustment movements (p. 629)inthehour. In thesecond 
period of the second day the child “fretted and cried” one-third (20 
minutes) of the period and slept quietly the other two-thirds (40 
minutes). The metabolism was as follows: 


Condition Calories per hour Calories per 24 hours 


Sleeping entire hour..............| 10.75 258 
Fretting and crying 20 minutes.. | 


Bieantag quictin 40-snmnuie ee 12.04=+12 percent. | 289=-+31 Calories 


The restlessness of this child was probably not greater than is 
normal for any healthy infant. 

The practical interest in the influence of crying is not how much 
an infant can increase his energy exchange by a few moments of parox- 
ysmal rage but how much energy a child may actually use up in the course 
of 24 hours. Some figures which have been published on this subject 
‘are, from this point of view, mere curiosities of metabolism, and being 
based upon the CO, output, it is feared they are not even trustworthy. 
As already noted on page 607 in connection with the metabolism of the 
newborn the heat production based upon the COs elimination, especially 
if preliminary periods in which it is impossible to secure the respiratory 
quotient even approximately by averaging it with other periods, are 
included in the reckoning, may produce rather large errors (p. 587). 
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Not only is the CO: in the erying period too high, but in a subsequent 
period of deep sleep it is too low for reasons which have already been 
explained. A recent estimate of the activity factor!®® based upon a 
nearly continuous record of the CO, ouptut for the 24 hours disclosed a 
difference between maximal and minimal periods of 67 per cent. for an 
infant two months and three weeks of age and 70 per cent. for one six 
months and one week old. These percentage differences would not 
have been so high if preliminary periods had not been included. 

Taking high and low periods together and estimating at a maximum 
the metabolism for the intervening time in which the child was nursing 
and being redressed, as Talbot has done, gives the really important 
result; namely, the total energy expenditure for the 24 hours. This 
reveals a metabolism per unit of surface very close to that found by 
Rubner and Heubner for their first breast-fed infant by the all-day 
method (Table 25). It is gratifying to find the earliest and latest 
results in agreement as regards the total expenditure of energy for the 
normal life of a healthy breast-fed infant. The slight differences which 
remain are well within the range of variability for activity, age, etc. - 


TaBLE 39—TotTaLt Enercy ExpenpiTturE or Two Norma. INFANTS FOR 24 
Hours (Tasort) 


a 


Heat computed, 24 hours 
Carbon | 
Child Period dioxide, | R. Q. Per | Persquare 
grams Total kilo- meter 
gram (Meeh) 
| 
E. L. Measured 22 hr. 31 min......... 120.8 0. 87 345 
2 mo. 3 wks. | Estimated 1 hr. 20 min......... 9.3 he 27 
BA Wie ae ee eae 120: 6 Patera ule ST e UL Te 1066 
E. L. Measured 23 hr. 10 min........ -| 130.4 || 0.83 387 
6 mo. 1 wk. | Estimated 50 min.............. DIG FARE. ite 17 
PE ObE Leer aes a Es 2 Se. 136.0 oats 404 70 1059 


The Total Energy Requirement of Infants from Two Weeks to 
One Year of Age.—The requirements of energy in the form of milk, 
or milk with additions, for the normal infant may now be estimated with 
a fair degree of accuracy. To the total energy production as revealed 
in measurements by the indirect method (see previous sections) must 
be added an allowance for non-absorption and a quota for growth; or to 
the minimal metabolism of the infant recently fed and sleeping may be 
added first an allowance for activity and then the other quotas. 
Murlin and Hoobler and Talbot agree in finding for this basal in the 
neighborhood of 60 calories per kilogram and hour. They also agree 
that for the infant that cries very much and very hard 40 per cent. 
additional will cover the actual expenditure of energy. For the 
average infant sleeping an average length of time the quota for activ- 
ity should not be more than 15 per cent. : 

Rubner and Heubner!* give for their first breast-fed infant nine 
weeks old and weighing 5235 gm. the following balance of energy. 
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TaBLp 40.—Enercy BALANCE oF AN Inrant Nine WeExs OLp (RUBNER AND 


HEUBNER) 
ROT Tae Dra Fra saa ST TTEPTTED SAIC (i. 
: Utilized in 24 Heat value, Calories in 24 
purines hours grams hours 
N-containing material. . . 5.56 5.899 32.76 
Mactosewen ee 43.02 3.951 169.97 
Viillatateee onl. cake. 16.7 9.247 154.42 
Bodversieee. Bean Leos 2.4 9.500 22.80 
otal. ott eS | Pe ee, a Le 379.95 
Lost in Excreta 
F Heat value, | Calories in 24 

Substance Dry weight | aides | Ves Bee 
Uritie: Hos MSGR ee 2.51 | 2.930 7.35 
Feces... opts aitgeiaees ee 3.79 5.730 21.72 
mLotal 4274 ee eee Se ee ee 29.07 


Net heat production, 379.95 — 29.07 = 349.86 


The physiological net effect (utilization) of mother’s milk in this child 
was 91.6 per cent., leaving a loss of 8.4 per cent., 2.6 per cent. of which 
was through the urine and 5.8 per cent. through the feces. In their 
second breast-fed infant five and one-half months of age and weighing 
9600 gm. the net utilization was 94 per cent. Holt, Courtney and 
Fales®° found an average utilization of 95.1 per cent. of the intake of 
fat for eight healthy breast-fed infants from 3 to 10 months of age. 
The range of utilization was from 90.3 to 99.2 per cent. An allowance 
of 10 per cent. for non-absorption and loss by intestinal secretions 
(p. 744) in the case of breast-fed infants therefore would seem to be 
an abundance. 

For an artificially fed infant of seven and one-half months and 
weighing 2635 gm. Rubner and Heubner!® observed after a diet of 
whole milk plus 3 per cent. milk sugar a net utilization of 90.7 per cent. 
‘Schlossmann,!”* using the Hempel calorimeter for determination of the 
heat value of the feces, emphasized the fact that rarely more than 10 
per cent. of the energy value of the food was found in the stool. Holt78 
and his collaborators found an average of 12.4 per cent. of the food fat 
in normal stools of healthy, bottle-fed infants, and since the percentile 
energy loss from all the food stuffs is never so high as that from fat 
alone, Talbot’s'®® estimate of the loss by the stools as 15 per cent. of 
the basal metabolism may be accepted as very liberal. 

It is customary to calculate the loss of energy in the form of nitro- 
genous bodies in the feces, from the total nitrogen, multiplying by the 
average factor for food proteins and by the average heat value of 
proteins. It is well konwn, however, that the major portion of these 


ENERGY METABOLISM OF THE INFANT 663 


nitrogenous bodies are not derived from food which has escaped diges- 
tion but represents rather the residues of the digestive juices and the 
live or dead bodies of bacteria. For this reason many authors*? do 
not consider it worth while to make an estimate of the net utilization 
in percentage of intake. It would seem to be equally fallacious to 
estimate the energy loss on the assumption that the total nitrogen 
of the feces represents protein of an equal value with the food protein. 
Van Slyke’? has found in fact, that, of the total nitrogen present in 
infants’ stools, 50 to 70 per cent. occurs in the form of protein or pro- 
teolytic products, 2 to 24 per cent. being present as free amino-acids 
and 3 to 37 per cent. as ammonia, the latter fraction being derived for 
the most part certainly by bacterial action upon the proteins or their 
cleavage products. Use of the bomb calorimeter in estimating the 
energy loss through the feces is therefore to be preferred. 

Growth in its Relation to Energy.—While metabolism is certainly 
more active in the youthful organism than in the adult it is by no means 
proved that growth per se calls for any expenditure of energy. In 
recent times the view seems in fact to have gained rather general 
acceptance that the larger metabolism of the young is necessary in the 
interest of heat regulation. At the same time the propensity to grow, 
which is the certain sign of youth in health, may be given a sort of 
energy index. There is a considerable body of evidence! that growth 
in a-given genus is proportional to the potential energy of the food 
consumed, and the proportion of gain in weight to energy intake may 
be quite similar in different genera.* It would seem that the growth 
impulse which, in some way not at all understood, directs and governs 
developmental events through the processes of nutrition, is geared, 
so to speak, at a very similar speed in relation to energy intake in several 
genera and orders of mammals. A kilogram of body substance in 
several of them contains, according to Rubner,!*! 30 gm. N and 1722 
calories of potential energy. To produce this unit of growth requires 
in the earliest period of post-natal development approximately the 
same amount of food energy; namely, 4088 calories. The human 
infant, however, occupies an exceptional position, in this regard, which 
may be expressed as follows: Of 100 calories of energy in the form of 
milk there is utilized for growth in the 


Per Cent. 

Colter OE eet te os Sits bre as 33.3 
Cali Saree Seren ere eee. Tk Ear oo ay ee ass Ih 
Lea OB Roly OS fa ONO See, SecT NESSIE Eee eee 38.2 
2p hay ecchiky Bis A CEA Ces AVS oct te ate ee RC eae eS Ae ea 40.2 
NATH SION (ONS) ake oe Sci SON OF. SC OER eee ee 34.9 
CSTE ei eee er AE ed E882, vate teioaiteae-<% 33.0 
VRC eee OFLA ene eek Cee Let ee ee ene Bike if 

AV CLA COM ee EAU a EST Ee Statha oo Sa PLM ta biste 34.3 
(Ebuimanaintantsrien pers meter aon S Oat. ses Ae gree eee 15) 


* This statement in view of recent developments in the realm of the chemically 
unknown accessory substances (vitamines) must be guarded by the saving proviso 
that an adequacy of these several substances is assumed. 
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The average ingestion of milk in relation to the a eee 
requirement (this term in Rubner’s usage 1s not synonymous with asa 
‘metabolism) in the mammal is 202 per cent., while for the infant it 1s 

er cent. i q 
aris ere rm long infancy period in the human family, it would 
seem, is a consequence rather than a cause of this difference ; for if the 
large amount of time spent in sleep explained the low intake of food, 
and the slow development were a consequence of this, then keeping 
the baby awake and thereby increasing the demand for food ought to 
accelerate its growth. Of course just the opposite is true. Owing to 
a growth impulse of low speed, which in turn probably determines 
capacity for food (anatomical capacity of the stomach and functional 
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Fie. 222.—Chart showing metabolism during first year of life. (Talbot, Amer. 
Journ. Dis. of Children, 1919, xviii, Chart 2, p. 231.) 


capacity of metabolism) on the part of the infant, the human mother is 
called upon to supply intelligent care and protection rather than bulk 
of nutrients. Interesting biological implications are involved which 
space does not permit us to develop at this time. 

It is doubtful whether the growth quota of energy, 7.e., the portion 
left over after the maintgnance factor, the activity factor, the dynamic 
factor and the loss by non-absorption have been covered, can ever be 
fixed as a definite percentage of the maintenance metabolism for all 
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varieties of infants. The growth impulse, as between individuals 
quite as truly as between different orders of animals, is more a matter 
of heredity than of food. Moreover it is inherited from the father 
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_ _ Fie. 223.—Diagram showing relation of heat production to body weight of 
infants from birth to one year of age. (Murlin and Hoobler, Amer. Journ. Dis. of 
children, 1915, ix, Fig. 9, p. 113.) 


equally with the mother, so that a small mother nursing the child of 
a large father may not be able to supply milk enough for the rate of 
growth which the child has inherited. Again it is well known that 
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growth in height often will proceed at a time when nutrition is not 
sufficient to support growth in weight, and both vary with the season 
of the year.?° In time we shall have, in addition to statistical criteria, 
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F 1a, 224.—Diagram showing relation of heat production to surface area (Meeh) of 


of infants from birth to one year of age. (Murlin and Hoobler, Amer. Journ. Dis. 
of Children, 1915, ix, Fig. 10, p. 115.) 


physiological norms of growth which will simplify the whole problem 
of infant feeding. At present it is impossible to formulate even a satis- 
factory physiological definition of the growth rate. Merely to empha- 
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size the multiplicity of factors contending for energy before growth can 
be wholly satisfied, and to visualize what is known of their quantitative 
relations, the following tabular arrangement may be presented: 


atal metabonsrl coc is here.) es Seat Pers i) 60 calories per kg. 
Activity metabolism (12 to 40 per cent. of basal). 7.2 to 24.0 cal. per kg. 
Loss by feces (10 to 15 per cent. basal).......... 6.0 to 9.0cal. per kg. 
Dynamic action (10 to 20 per cent. basal)...... 6.0 to 12.0 cal. per kg. 
Growth (10 to 20 per cent. basal)... sc... 6! 26:0 to -12.0.cal. per kg. 

fe EAE AON St oe fe ee 85.0 to 120.0 cal. per kg. 


This estimate is liberal in all divisions of the caloric needs. Careful 
reckoning of the fate of the food energy cannot account for more than 
is here allowed except in such extreme restlessness as would place the 
case clearly in the pathological field. 

This classification is not to be looked upon as anything fixed. As 
shown by the charts (Figs. 223, 224) the basal requirement increases 
steadily up to one year of age or later. The requirement for activity 
increases steadily in the absolute sense as the child spends more and 
more time awake, but it is not yet certain whether the increase is also 
relative to basal needs on the basis of weight or surface. Utilization 
is not known to change with age, the results with very young infants 
being often quite as favorable as with older ones. Dynamic action has 
not been sufficiently studied to say definitely whether it is greater or 
less as more and more food is ingested at a meal. There are indications 
that it is greater. Finally, the requirement for growth relative to 
weight increases certainly for the first three months and possibly up to 
six months, after which it flattens out (Fig. 222). We have yet to 
learn whether the growth increment (in calories) advances more or less 
rapidly than the basal requirement. Von Pirquet,'*! who has recently 
invented a system of computing food requirements, obviously based 
upon energy units (and merely disguised as ‘“‘nems”’) estimates the 
growth quota at one-third the minimal or maintenance requirement. 
What this estimate is based upon is not disclosed by any of the reviews 
available to the writer. From the observations of Soxhlet on the calf 
it has been estimated!” that this animal can utilize over 40 per cent. 
of the food energy for growth, but an infant of seven months!* was 
able at best to so dispose of only 13 per cent. Mere fattening should 
not of course be included as growth. 

Energy Quotient—Following Heubner™ the total requirement of 
the normal infant in order to make a satisfactory rate of growth and 
development, and covering all the several needs outlined above when 
expressed as calories per kilogram of body weight, has been known as 
the ‘energy quotient.”” Heubner himself gave the following estimate. 


100 calories per kilogram for first three months. 
90 calories per kilogram for second three months. 
80 calories per kilogram thereafter to end of nursing. 


Numerous different estimates have been given by clinicians ;°8 
but they need not be gone into here, for it is evident from the discussion 


% 
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which has preceded that it is impossible at this time to give even a 
satisfactory average requirement for different ages, or weights, or 
heights, much less one which will suit the individual needs. Much 
careful work must be done before even this modest ambition can be 
realized; and then it would be necessary to institutionalize the care of 
children far beyond our present ideals. Variations in the composition 
of milk, particularly breast milk, with regard to inorganic as well as 
organic constituents must be taken into account; and the whole ques- 
tion will probably have to be restudied in the light of what is already 
known of vitamines. Assuredly the minimal energy requirement for 
satisfactory growth cannot be defined without the certainty that all 
the vitamines are present in effective quantities. 


ENERGY METABOLISM OF CHILDREN FROM NuRSING AGE TO PUBERTY 


Introduction.—The reason for separating children of this age 
_ group from the nursing age is again a practical one. The processes 
of metabolism are continuous but nutritional problems on account of 
the change to more and more solid foods are different. Questions of 
selection, of adaptability, of capriciousness and idiosyncrasy more 
often arise; while the muscular activity of the child has now become 
so great as to present peculiar problems to the investigator whether 
of basal metabolism, of muscular efficiency or of the total daily needs. 
The dynamic action of foods because of longer intervals between meals 
is quite different on a mixed diet than upon milk, and the criterion 
of growth shifts from a weight-for-age relationship to a weight- 
for-height ratio. All these seem to the writer adequate reasons for 
discussing the energy metabolism, which must always remain an 
indispensable quantitative guide to proper food selection of children 
above nursing age, in a section by itself. 

Methods of Study.—Little need be said under this heading 
different from what has already been emphasized in the previous 
section. Instrumentally the methods are in the main the same except 
far capacity. A larger chamber must be used and for the indirect 
methods of measurement absorbers of respiratory products must be 
larger or more numerous. With children old enough to control the 
sphincters the collection of urine and feces is simplified and the nitro- 
gen factor in energy metabolism can be used if considered necessary. 
The face mask or mouth piece can be used in lieu of a respiration cham- 
ber and important results obtained at less expense for equipment. 
The codperation of the subject can be secured through the love of 
prizes or of sweets and in the older children through the feeling of. 
pride and the desire to please. 

Basal Metabolism.—Logically, as we now see very clearly, 
everything starts from the minimal or mere maintenance requirement, 
although historically the order has been quite different. The latest 
and in many respects the most complete researches have been made 
upon the basal metabolism. It is proper, however, to see how much 
has been learned regarding basal needs from earlier investigations. 
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The Zuntz school headed by the late N. Zuntz of Berlin had long 
emphasized the necessity of eliminating the influence of muscular activ- 
ity and of food if results upon subjects of different size or age were to 
be compared. Magnus-Levy and Falk? followers of Zuntz, employ- 
ing the well-known method of Zuntz and Geppert with which impor- 
tant results had been obtained on the influence of muscular work in 
mountain climbing, in marching, and in the treadmill, on the 
influence of altitude and on the influence of digestion, undertook in 
1899 an investigation on the influence of age on the basal metabolism. 
The subjects ranged from two and one half years to old age. Included 
in these were 11 boys and nine girls under 14 years of age. At the 
time of observation the subjects were all in the niichtern condition, 
which is Zuntz’s term for the absence of digestion, 7.e., at least 12 hours 
since taking food, or, what has been called by others, the “post- 
absorptive state.” The subject lay upon a couch and suppressed all 
muscular contractions. The Zuntz method, as described on page 534, 
permits of the determination of oxygen absorbed as well as of COs 
eliminated. 

The results upon the group of children mentioned above are pre- 
sented in Table 35. 


TaBLe 41.—Tuer Gasrous ExcHaNncE or CHILDREN* (Maenus-Levy anp Fax) 


Os consumed | COsz eliminated 
Calories 
Weight, | Height, per 
Age, kilo- centi- Per kilo- Per square Per kilo- | Persquare| R. Q.| square 
VEO ermal betersy | erar and meter and gram and | meter and meter 
hour, cubic | hour (Meeh), | hour, cubic hour, and hour 
centimeters liters | centimeters liters 
236-| 11.5 ? 585 10. 74 488 9.01 0. 83 51.9 
6 14.5 110.0 552 10.92 442 8.83 0.80 52.4 
6 18.4 110.0 457 9.78 366 7.87 0.80 46.9 
(6 19,2 112.0 476 10. 32 402 8.89 0.85 50. 2 
7 20.8 110.0 478 10. 68 397 8.83 0. 83 51.6 
9 21.8 115.0 407 9.24 346 7.80 0.85 44.9 
11 26.5 129.0 374 8.22 300 BR 0. 80 39.4 
10 30.6 131.0 377 8.52 315 7.98 0. 84 41.3 
14 36.1 142.0 313 8.40 264 T2103 0. 84 40.7 
14 36.8 141.5 301 8.10 254 6. 84 0. 84 39.3 
14 43.0 149.0 308 8.76 249 7.14 0.81 42.1 
Girls 
7 15.3 107.0 490 9.90 397 7.99 0.81 47.6 
644] 18.2 2 445 9.48 361 7.74 0.81 45.6 
12 24.0 129.0 338 7.92 310 (beth 0.92 39.2 
12 25, 2 128.0 322 7.68 264 6. 30 0. 84 37.2 
13 31.0 138.0 332 8.46 259 7.58 0.89 41.6 
14 35.5 143.0 317 8.46 259 6.95 0. 82 40.8 
12 40,2 r¢ 295 8.22 229 6.43 0.78 39.2 
11 42.0 14.9 301 8.52 244 6. 84 0.81 .41.0 


* This table is reconstructed in part from a table given by Tigerstedt in Nagel’s Handbuch der 
Physiologie 1909, I, p. 475, and in part from a table in Magnus-Levy’s Physiology of Metabolism. 110 
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The respiratory quotient characteristic of the nichtern condition in 
children is well illustrated in this table. The average is 0.82 for boys 
and 0.84 for girls. With adults the quotient is quite commonly several 
points higher for the reason that adults do not consume their store of 
glycogen quite so rapidly. This is in accord with the well-known 
fact that fasting is much more exhausting for children than for adults. 
The capacity to handle carbohydrates in the diet is the basis of the 
craving for sweets among children. 

The arrangement in Table 41, following that of the authors them- 
selves, is according to weight rather than age. It is apparent at once 
that the metabolism in both sex groups decreases as age and weight 
increase, whether it is estimated on the basis of a unit of weight or a 
unit of surface. This has been confirmed, as we shall see presently, 
when a very different method of measuring surface is employed. The 
authors compared the oxygen absorption of these children with adults 
of the same sex under the same conditions of observations. Referred 
to a unit of weight the metabolsim of children from two to fourteen 
years of age was found to be from 1.3 to 2.8 times that of the adult. 
Referred to a square meter of body surface it was 1.2 to 1.6 times as 
great. Contrary to the belief of the Rubner school up to this time 
this research demonstrated clearly that the metabolism on the basis of 
body surface is by no means uniform for all ages. Comparing the basal 
metabolism of a boy and a girl, on the basis of the oxygen absorption, 
with adults of middle age, and of old age having approximately the 
same body-weight the following result was obtained.!!° 


TaBLE 42.—Gasrous ExcHANGE AT DIFFERENT AGES (MaAGnus-LEvy AND FALxk) 


Absolute amounts of | Relative amounts of 
, Height, 
Age ene centi- Oz per 
Ograms | meters Oze.c. |Oze.c. per} Oz per square 
per min. | kilogram | kilogram meter 
surface 
Girls. oes teh amiet sre Stee 13 31.0 138 nly a ey: 5. 54 112 111 
Wioman.\: a4, steels nan 49 31.6 134 156.6 4.96 100 100 
Old uwomanse..cyae ds ice 75 30.3 circa 140(?) 128.6 4.25 86 84 
BOY. Gece oe eek ae 15 43.7 152 216.6 4.97 | 110 100 
Mani My crscarn: same ee oe 24 43.2 148 195.8 4.53 100 100 
Oldkmanisrena eae wield 71 47.8 164 | 163.2 3.42 75 | 78 
| / | | 
i 1 | 
en ee eee 


They concluded that children produce more heat not merely for the 
reason that their superficial area is greater in relation to their weight 
but more also on account of the increased vital energy characteristic 
of youth. 

Sondén and Tigerstedt!%? in the course of an extensive investigation 
on the metabolism of children sitting quietly as in school, which will be 
presented later, obtained results on two boys 11.2 and 12 years of age 
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respectively while sleeping. They found the CO, elimination on the 
basis of surface area (Meeh) 52 per cent. higher than that of adults in 
sleep. While the conditions of these experiments did not exclude the 
influence of food altogether, they approached the true basal conditions 
very closely and furnished early evidence of a variation directly caused 
by a difference in age. The conclusion of these authors agrees with 
that of Magnus-Levy and Falk that the youthful body in and of itself 
independently of its small size possesses a more active metabolism. 
_ The higher metabolism of children on the basis of weight had been 
demonstrated long before this by Scharling '6° and by Forster. The 
last-named summarized the observations of Scharling as follows: 


CHILDREN 
Boyn, S to. It veatsioue. te coc cs 0.29 gm. CO: per kilogram. 
feriee SutGil4 vearame ae ood ese sh 0.26 gm. CO: per kilogram. 
-ADULTS 
BRCIEZO WuDS YORTR vee. 3. 0.14 gm. CO; per kilogram. 
Women, 15 io 25 years... 4. r.... 2... 0.15 gm. COs per kilogram. 


The unit of time is not stated. The observations were made by means 
of a respiration chamber which has recently been described by Benedict 
and Carpenter.1® Forster gave his own results upon children in the 
following summary based upon a unit of 10 kg. of body weight. 


Boys and girls, 3 to 5 years of age............ 9.0 gm. COs per hour. 
Boys and girls, 6 to 7 years of age............ 11.7 gm. CO: per hour. 
Boys and girls, 9 to 13 years of age........... 8.0 gm. CO» per hour. 


And compared them with results obtained by Pettenkofer and Voit 
on adult men upon the same unit of weight: 


iWen-—fasting and resting=- .s....4.0......5-2:. 4.4 gm. COz per hour. 
fasting and working.................... 7.1 gm. COz per hour. 
Moderate diet and working................:.. 7.2 gm. CO: per hour. 


The conclusion was that children up to thirteen years of age gave out 
more CQO, even when resting than do adults while at work. The chil- 
dren had received only a light meal of bread and milk the evening before 
and were placed in the respiration chamber one and one-half to two 
hours after a very light breakfast. 

To continue the subject of basal metabolism of children we may 
proceed at once to the very recent observations of Benedict and Tal- 
bot advance proofs of whose monograph have very kindly been sent to 
the writer by the senior author. This research is a continuation of the 
studies on basal metabolism in infants which has been referred to 
extensively in preceding sections. The work on children up to two 
years of age was done at the Directory for Wet Nurses of the Boston 
Infant’s Hospital and on children from two years to fifteen years of age 
at the New England Home for Little Wanderers. 

As might be expected from their previous publications the authors 
lay great stress upon the fulfillment of really basal conditions, although 
they found it necessary especially in younger children, partly on 
account of the danger of a complicating effect of acidosis in fasting!®! 
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and partly because children cannot be kept quiet on empty stomach, 
to tolerate at times the influence of food. This was offset in some 
cases by the reducing effect of sleep after taking food. The codpera- 
tion of the child was secured by a system of prizes and a sufficient 
number of experimental periods were obtained to secure in many 
instances at least a true basal or minimal metabolism. An outstanding 
feature of the research is the consecutive observation of a number of 
children at varying intervals for periods of several months to as much as 
four years. The apparatus used for children up to two years of age . 
is shown in Fig. 225. The technique of operation has already been given 


. Fic. 225.—Infant respiration apparatus as used at the Directory for Wet 
nurses in Boston. At the right are the respiration chamber, the tambour, and 
kymograph for recording the muscular activity, also nurse counting pulse-rate. 
At the left is the absorbing system, with the carbon dioxide absorbers and spiro- 
meter on the upper shelf of the table, the water-absorbers and blower on the lower 


shelf. The gas meter for measuring the oxygen may be seen in the center. (Bene- 
dict and Talbot.) 


fully at page 560. The apparatus for larger children differs from this 
only in the size of the chamber used, which was a small clinical respira- 
tion chamber like that described by Benedict and Tompkins.2> The 
normality of their subjects (Fig. 226) was established not only by 
exclusion of all children exhibiting any clinical symptoms, but by com- 
parison with the series of normal American children weighed and 
measured by Crum and Wood, as assembled by Gray,*’ with the private 
school children of Holt’ and with a new series of private school children 
weighed and measured by the authors themselves, in addition to the 
older series of foreign children studied for physical development by 
Quetelet? and Schmid-Monnard.!82 

Two charts containing curves showing the relation of weight to 
height of the boys and girls studied by Benedict and Talbot’ in com- 
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Fie. 226.—Chart showing relation of Benedict and Talbot series of boys to 


to other standard series, on the basis of weight referred to age. (Benedict and 
Talbot, Carn. Inst. of Wash. Publ. No. 302, 1921, Fig. 3, p. 40.) 
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Fie. 227.—Chart showing difference between Benedict and Talbot experimental 
series of boys and boys of private schools near Boston. (Benedict and Talbot, 
Carn. Inst. of Wash. Publ. No. 302, 1921, Fig. 7, p. 45.) 
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parison with similar curves for children in private schools near Boston 
are given in Figs. 227, 228. A discussion of the factors influencing 
growth is out of place in this chapter, but attention may be directed 
to the interesting fact brought out in these curves that private school 
children, which are supposed to represent the physical aristocracy of 
childhood in America, are lighter for height than the mediocrity repre- 
sented by the children of wet nurses and orphans which make up the 
observational series. 
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Fig. 228.—Chart showing difference between Benedict and Talbot experimental 
series of girls and girls of private schools near Boston. (Benedict and Talbot, 
Carn. Inst. of Wash. Publ. #802, 1921, Fig. 8, p. 46.) 


Influence of Age on Basal Metabolism of Children—Among the 
subjects studied at intervals over a long period of time by Benedict 
and Talbot was a girl, designated in their series as No. 145, whose 
record extends from the age of five months to the age of three years and 
five months. In all she was placed in the respiration chamber on 31 
different days and the observational periods of approximately 30 
minutes each numbered four to five daily. The minimal metabolism 
is given for 25 different days and the accompanying chart represents 
19 distinct points in the course of the three years (Fig. 229). 

The most rapid growth as would be expected is seen in the first 
half of the time, namely, from the fifth to the twenty-first month. 
During this time the basal metabolism, calculated to 24 hours (called 
“total calories” in the chart), rises nearly parallel with the growth in 
weight, after which the metabolism rises less rapidly than the weight. 
It is evident from the curve representing metabolism per unit of weight, 
however, that the parallelism is only apparent and arises from the fact 
that metabolism and weight are plotted to ordinates which are not 
strictly proportional; for the metabolism per kilogram falls from the 
beginning instead of running horizontally, The level at five months 
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is 60 calories per kilogram and at 24 months it has dropped to 38 calor- 
ies. From this point onward the curve is horizontal indicating that 
the progress in growth is equal to the progress in basal heat production. 
Charted on the basis of a unit of body surface (DuBois linear formula) 
the general trend again is downward—from 1,086 calories at five 
months to 841 at 24 months from which time it rises to nearly 900 
calories per square meter at 41 months. 


SF cs 


eM 


Ww 
eb 
hae 
H 
> 
ee 
a 
Pate 


Bes 


paberamleiarissl sl Stal mc 
co hdl 7 HMMM Ie tn bal 
ofall] INT 


Mos.3 


Fic. 229.—Basal metabolism on the basis of 24 hours of normal infant No. 
145, at different ages. (Benedict and Talbot, Carn. Inst. of Wash. Publ. No. 302, 
1921, Fig. 15, p. 114.) : 


Numerous other individual records for shorter periods of time are 
given, with approximately the same general results. Figure 230 gives 
the progress of the basal metabolism in relation to weight for boys 
for the entire series of children studied in comparison with the scattered 
observations of other investigators. In the first of these charts it may 
be seen that the basal metabolism in boys as determined by the most 
recent observations runs from a little less than 100 calories daily at 
2 kg. body-weight to 1,325 calories at 42 kg., or from about 45 to about 
31 calories per kilogram. With girls the curve starts at a slightly 
lower level, at 2 kg. and rises to 1,100 calories daily, at 32 kg.; or from 
about 40 to about 34 calories per kilogram. The values obtained by 
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Fic. 230.—Chart showing progress of basal metabolism on basis of weight for 


boys from birth to puberty as compared with observations of others. 
and Talbot, Carn. Inst. of Wash. Publ. No. 302, 1921, Fig. 28, p. 143.) 
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Fia. 231.—Chart showin 


surface (DuBois linear formula) as compared with the DuBois series of boys before 


and after puberty. 


g progress of basal metabolism on basis of body 


(Benedict and Talbot, Carn. Inst. of Wash. . 
oe tie, BR vas nst. 0 ash. Publ. No. 302, 
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Benedict and Talbot are lower than those obtained by any previous 
observers except Olin.* Curves of the same general character are 
obtained when the total basal heat production calculated to 24 hours 
is referred to the body surface (Fig. 231). The surface area in these 
observations was calculated from numerous actual measurements 
according to the DuBois linear formula, and a revision of the formula 
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Fig. 232.—Chart showing basal metabolism on basis of body surface (DuBois 
linear formula) referred to age, of boys from birth to puberty. (Benedict and Tal- 
bot, Carn. Inst. of Wash. Publ. No. 302, 1921, Fig. 45, p. 174.) 


of Lissauer is proposed by derivation of the constant, with which the 
two-thirds power of the weight should be affected, from the surface as 
measured. The authors find a slightly closer agreement upon this 
basis than upon the basis of weight, but persist in their belief that there 
is no causal relationship between body surface and heat production. 
Apparently this belief emanates from the discovery that heat produc- 
tion is no more, or at most only slightly more, closely related to body 
surface as among different children than to body-weight. This 
discovery, as pointed out on page 642, could have been made with 
pencil and paper so far as subjects are concerned whose weights differ 
only a little. A change in formula from Meeh to Lissauer or to the 
DuBois linear formula, which, it seems can be expressed by Lissauer’s 
formula with a somewhat variable ‘“constant,’’ makes no difference 
in the reasoning. Moreover, a correlation study of this series of 
children doubtless would show what such a study upon newborns has 

*Sufficiently detailed information is not given to render possible an inde- 
pendent judgment whether this minimal metabolism is not in fact somewhat too 
Jow for reasons which were discussed at page 586. 
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shown; namely, that the choice of formula affects but slightly the 
degree of correlation between heat production and body surface (p. 
600). The vastly better agreement between basal heat production 
and body surface than between this physiological character and body- 
weight, as between individuals of the same species but of widely differ- 
ent size, remains as a challenge to disbelievers. The factor of age must 
be taken into account as now is definitely established by the work of 
the several authors described above. The most recent work confirms 
very nicely, so far as it goes, the age curve of DuBois given on page 
548, except that the newer results are somewhat lower (Fig. 232). 
The average metabolism per square meter of surface (whatever for- 
mula is used), like the metabolism per kilogram., is low for the early 
months of life, rises rapidly toward the end of the first year, reaches its 
maximum at some point in the second year and then falls much more 
slowly than it rose, continuing to fall to the age of prepubescence. 
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Fie. 233.—Chart showing basal metabolism of boys and men compared with 
that of girls and women, on basis of weight. (Benedict and Talbot, Carn. Inst. of 
Wash. Publ. No. 302, 1921, Fig. 48, p. 179.) 


Benedict and Talbot find wide variations from their mean curves— 
from 29 to 64 calories per kilogram and 24 hours for boys and an even 
wider range for girls; from 650 to 1,275 calories per square meter 
(DuBois linear formula and Lissauer formula modified) per 24 hours 
for boys, and from 600 to 1,350 for girls. The widest variation on 
both bases for any single age falls in the latter half of the first year, 
being over 60 per cent. for boys and over 65 per cent. for girls on the 
basis of weight; and in the neighborhood of 50 per cent. for both sexes 
on the basis of surface. The variability upon the basis of surface is 
noticeably less than upon the basis of weight for other ages also. 

Influence of Sex on Basal Metabolism.—Signs of a sex difference 
in metabolism appear in the very early work of Andral and Gavarret? 
and of Scharling;'*? but it is not until the classic investigation of Sondén 
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and Tigerstedt1*? that definite proof is furnished. While the condi- 
tions of experimentation were not those recognized today as essential to 
demonstrate a basal difference, the authors are very positive in their 
opinion that under like conditions in the young the CO. output both 
per kilogram of weight and per square meter of surface (Meeh) is 
considerably greater in males than in females (p. 683). The average 
difference for their age series is as 140: 100. ‘This difference appears 
to vanish gradually with increasing age until in old age it disappears 
completely.” 
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Fic. 234.—Chart showing basal metabolism of boys and men compared with 
that of girls and women on basis of body surface. (Benedict and Talbot, Carn. 
Inst. of Wash. No. 302, 1921, Fig. 49, p. 180.) 


DuBois first drew attention to a probable difference of basal 
metabolism between the sexes in children (Fig. 202, p. 549) upon the 
basis of the observations of Magnus-Levy and Falk,1° who did not 
themselves recognize such a difference. Its demonstration, however, 
is due to Benedict and Talbot.24 They find that the absence of a 
sexual difference for the very young infant (p. 604) “persists until 
about the weight of 11 kg., but that frequently there is a tendency for 
- the boys to have a somewhat higher metabolism (average) than girls 
of the same weight”’ (Fig. 233). On the basis of surface they find that 
the two sexes remain at essentially the same metabolism (average) 
until the surface reaches 0.48 square m. (DuBois). “From this point 
the line for the boys rises above that for girls and there is no evidence 
of a, tendency for the two lines to cross later” (Fig. 234). . 

Influence of Puberty——Andral and Gavarret? maintained that with 
boys the carbon dioxide output suddenly increased at the age of 
puberty, while with girls it just as suddenly ceased to increase at this 
critical point. As pointed out by Sondén and Tigerstedt and by 
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Benedict and Talbot the conditions in these early experiments were 
far from basal. Sondén and Tigerstedt give the following comparison 
of the total CO, output for different age groups using that of a man 57 
years of age as 100. 


OMCORLZRY CANS SU. x a'checd slate opsteneternne PR che ter See ate ae ola ee 98 
TSWOELO yearss’ 2. Shs ee PRP eee reer pete t eee dese 126 
PPLE VO) PAA 0 1: a te REPEAL DORA cho, OF than me ocs o ap inet cea 6 lil 
SAO :4A VEATS. «<5. chars jaichales Severe Me Cee vom eeaey claim tarot oe Ree eee 105 


The combustion in the body of male individuals from 13 to 19 years 
of age is therefore greater than that of younger or older individuals 
of the same sex. This coincides with the period of most rapid growth 
in length (fifteenth year) and the most rapid growth in weight 
(sixteenth year). 

In a remarkable series of observations on 200 boys ranging from 9 
to 19 years of age Olin’** finds, in agreement with Sondén and Tiger- 
stedt, that the CO2 output whether as total elimination or on the basis 
of body surface (see below p. 681) shows a distinct elevation for the age 
of puberty (14 to 16) above the general trend of the metabolism for the 
entire group. 

The first work carried out on the same youths just before and just 
after the attainment of sexual maturity was that of DuBois‘? and his 
collaborators.‘*° Eight normal boys were studied in the respiration 
calorimeter when they were 12 and 13 years of age and again two years 
later when they were 14 and 15 years of age. On both occasions the 
boys were placed in the respiration chamber four or five hours after a 
very light breakfast, which has been shown with adults to leave the 
basal metabolism unaffected, and were observed for two or three con- 
secutive hourly periods while lying quietly, but for the most part awake. 
In the first series of observations the basal metabolism was found to be 
25 per cent. higher than the adult level per unit of surface (linear 
formula), while in the second, after puberty had been definitely estab- 
lished, in four of the eight subjects the metabolism was on the average 
only 11 per cent. higher than the adult level. Benedict and Talbot 
very properly criticise these observations as failing to establish defi- 
nitely by a sufficient number of observations the true basal, and point 
out that if the quieter periods of the first series be selected the meta- 
bolism is very close to that found in the second series. It might be 
urged further that there were at the time of DuBois’ observations 
scarcely a sufficient number of basal experiments in the literature at 
ages preceding and following the ages of his subjects to warrant the 
inference of a distinct rise in metabolism at the prepubescent age above 
that of adjacent ages. Benedict and Talbot in a few scattered obser-. 
vations on boys and girls of prepubescent age find no such increase, but 
they admit that their experiments are not yet sufficient in number to 
warrant a definite conclusion. Whether the ripening of the sexual 
elements with the numerous attendant secondary effects upon the body 
exercises an influence upon the basal rate of oxidation must therefore- 
be left undecided. 
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The Influence of Food upon Metabolism of Children above 
Nursing Age.—No perfectly satisfactory experiments directly upon the 
dynamic effect of food in children of this age group have ever been made. 
Here is a field of considerable promise for future work. Enough evi- 
dence has been cited in page 635 to prove that fat and protein at least 
do exert their specific effects upon the metabolism of infants less than 
one year of age, and it is certain that when larger meals are taken by 
children above this age the same effects are present, the net total effect 
being dependent upon the exact composition of the meal. Peculiar 
difficulties are encountered in attempting to separate the effects of the 
different food stuffs in children because of the restlessness usually 
produced by hunger and the consequent failure to obtain a true base 
line from which the specific effects can be gauged. Benedict and Tal- 
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Fig. 235.—Chart from Olin showing relation of carbon dioxide elimination on 
basis of body surface to age. —————— mean, . .. . limits of variation. (Skan- 
dan. Arch. f. Physiol., 1915.) ; 


bot?* have reported some fragmentary observations on younger 
children (p. 637) in which the metabolism was followed in successive 
periods up to 10 and 11 hours after a meal, a minimal level being 
attained at from 5 to 10 hours from feeding. Reckoning back from 
this basal to the earlier periods after food in which the muscular 
activity was equally controlled, a dynamic effect amounting to as much 
as 20 to 30 per cent. was sometimes seen. If it can be shown that a 
really basal rate can be attained in this way the method should prove 
useful with older children. 
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The Influence of Muscular Activity.—The extensive observations 
of Sénden and Tigerstedt at Stockholm, of Rubner?”” at Berlin and of 
v. Willebrand?®* at Helsingfors in contrast with the very low if not 
actually minimal values obtained by Magnus-Levy and Falk at Berlin, © 
by Olin at Helsingfors and by the Boston workers, furnish some very 
interesting, though as yet very incomplete, data on the effects of 
moderate muscular activity. 

The resting and post absorptive rate established by Magnus-Levy 
and Falk have been discussed above under the heading of basal meta- 
bolism, and while the average line established by them lies considerably 
above that of Benedict and Talbot (Fig. 230, p. 676) their results lie 
within the range of variability given by the latter authors. So also do 
those of Olin, notwithstanding that her subjects were studied in the 

_sitting position. This series comprises observations on some 200 boys 
between the ages of 9 and 19. They were placed in the apparatus . 
individually, usually in the morning after a light breakfast. The 
results for 162 subjects are summarized in the following table. In cal- 


Taste 43.—Merapo.ism or Boys Sirtinc Very Sritt (OLIN) 


Body : 
A - * 
Rea a? aise verage| surface COz per | Heat production 
; weight kilogram | per square meter 
subjects age (Meeh) 
Kgm. and hour | and hour 
Sq. M. 
4 9 35.9 1.299 | 0.425 : 34.1 
15 10 31.5 1.217 0.505 37.9 
14 i! 36.1 1.327 0.492 39.3 
20 12 38.1 1.396 0.479. 37.5 
26 13 43.1 1.573 | 0.452 35.7 
22 14 49.6 1.726 | 0.425 | 35.3 
19 15 52.9 1.805 3 -- 0.412 35.3 
18 16 59.2 1.948 | .0.399 35.0 
9 17 55.4 1.864 0.385 33.5 
a | 18 65.6 2.086 0.359 | 32.8 


* Assuming a RQ. of 0.85, 7.e., heat-value for CO, of 5.721 calories per liter. 


culating the surface area by Meeh’s formula the constant 12.205 was 
used by Olin for boys under 13 and 12.847 for boys over that age. The 
heat production in relation to surface area calculated by the writer upon 
the assumption of a R.Q. of 0.85 is very close to that ordinarily 
obtained upon adult subjects under the conditions usually accepted as 
basal (p.548). It hasrecently been shown!* that a person propped up 
in a semi-reclining position may have a metabolism even lower than 
when lying flat in bed. These results by Olin seem to signify that 
young persons may be induced to sit quietly enough to exhibit ametabo- 
lism even lower (?) than when lying down. It would seem that Olin’s 
subjects must have been supported in such a position as to require 
no muscular tension and that in the semi-reclining position, ‘as in a 
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steamer chair the diminished pressure of the abdominal organs upon 
the diaphragm may have lessened the muscular effort of breathing. 
The results should probably be regarded as representing truly basal 
conditions. 

In strong contrast with these are the figures obtained by Sondén 
and Tigerstedt upon groups of six boys and girls of approximately the 
same age. The authors state that their purpose was to obtain data 
which would be of value in determining the ventilation requirements 
of public assembly halls and especially school rooms. Their subjects 
were required to sit as still as they would in school, but were permitted 
to handle and read books and at times to nibble candies and fruits. 
Their results follow. 


Taste 44.—Merasouism or CHILDREN SITTING AS IN ScHoot (SonDEN AND 


TIGERSTEDT) 
yO aloe We 
/ oI * 
Average age Average GO; peribloeran Calories* per 
¥ weight Fay hee SRO square meter 
Years Months kgm. ‘ bea os (Meeh) and hour 
Boys 
% 10 20.1 1.149 73.1 
9 ae 27.9 1.207 83.1 
10 6 30.2 1.106 78.6 
11 5 31.6 1.063 76.7 
12 6 34.1 0.997 (PAM 
13 10 44.5 1.000 75.0 
14 6 45.3 0.960 74.2 
Girls 

7 10 21.8 1.133 74.1 
9 11 26.6 0.850 57.8 
11 2 31.0 0.845 60.6 
12 2 36.2 0.743 56.1 
13 4 39.5 0.696 51.4 
14 0 44.3 0.661 50.7 
15 2 48.6 0.562 44.5 


* In view of the fact that the children of this series were permitted to eat candy 
and fruit at times while in the respiration chamber a R.Q. of 0.90 is assumed, 1.e., 
the CO: is given a heat value of 5.471 calories per liter. 


The heat production here is calculated upon the assumption of a 
R.Q. of 0.90 employing the values for COs given by the authors upon 
the basis of a square meter of surface. The results are nearly double 
those obtained by Olin. Benedict and Talbot have calculated the 
heat production per kilogram and 24 hours of these subjects on the 
assumption of a R.Q. of 0.90 and these values are shown for compari- 
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son upon a chart (Fig. 230) prepared by them to exhibit the basal 
metabolism according to several authors. Table 44 shows a very 
marked difference between boys and girls which is even greater than the 
difference in basal metabolism between boys and girls (Fig. 233) of 
the same age. This is due to the greater degree of composure readily 
induced in girls of the adolescent age. 

Sondén and Tigerstedt give the following values for two of their 
boys during sleep: 


Boy of 11 years, 3 months..... 14.09 gm. COz per square meter (Meeh) and hour 
Boy of 12 years, 3 months..... 13.78 gm. COz per square meter (Meeh) and hour 


From which we may derive the following heat production on the 
assumption of a R.Q. of 0.88. Boys of the same age in school showed 


Boy of 11 years, 3 months...:.......... 35.1 calories per square meter and hour 
Boy of 12 years, 3 months.............. 34.3 calories per square meter and hour 


a heat production of fully twice as much (Table 44). 

Von Willebrand’s observations were made upon boys from 9 to 
14 years of age in the same apparatus as used by Olin. They were 
confined for the entire 24 hours, taking all three meals in the apparatus. 
They went to bed at 8 to 9 p.m. and rose in the morning about six 
o’clock. In some instances the subjects slept for a short time during 
the day. The difference between waking and sleeping metabolism 
for four individuals is shown in the following table somewhat modified 
from one given by Benedict and Talbot. 


Taste 45.—MeErTaABoLism oF Bors AWAKE AND SLEEPING (VON WILLEBRAND) 


Calories* per square meter 
Body weight, and hour 
Name Age, years inlograats 

| Awake Asleep 
Neikkowictds sieuiiente aes 9 25.9 57.8 27.3 
Vik tore nck wae ee 10 | 30.8 49.0 32.0 
SATURN irae 2 onsite peso S Ga 13 ee al 47.6 24.9 
TORT Un, oie nase serra 14 36.5 38.9 20.4 
TE ee 


* Meeh’s formula using 12.205 for the first two boys and 12.847 for the second 
two. Heat is calculated from the CO, assuming a R.Q. of 0.88. 


Rubner’s experiments were made upon two brothers, one fat and 
one thin, the sons of parents of slender means and therefore not likely 
to be overfed. They were confined for about 22 out of the 24 hours 
in the respiration chamber, ate and slept there and during waking 
hours were permitted to move about, even walking some. The 
following summary of the results is given by Lusk. 1% 
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Taste 46.—Merapouism or A Fat AND THIN Boy (RUBNER, AFTER LUSK) 
(ESS Nee ae ie Ta Tee ag as Be ee eee 


2 Per square meter 
| Heat production 
Age, Weight, 
is vie ee Total for | ie and| 24 hours | Per hour 
| 24 hours | 24 hours 
| 
ateboy eens. - 10 41 1786.1 43.6 1321 55.0 
Ebhin boy...... ILE | 26 1352.1 | 52.0 1290 53.7 


The last column may be compared with the results of v. Willebrand 
(Table 45) and those of Sondén and Tigerstedt (Table 44). 

A most interesting phase of the activity metabolism in children, 
namely, the muscular efficiency as compared with adults, has never 
been studied. Nor has any attempt been made to estimate the actual 
energy expenditure of an active child for the entire 24 hours. How 
much the values just given for boys who were permitted to move about 
to a limited extent in the respiration chamber falls short of the actual 
daily requirements with its large quota for growth may be gained from 
the accompanying chart taken from Lusk! (Fig. 236). 

Estimates of food intake by normal children may, if sufficiently 
prolonged, give a very excellent idea regarding the energy requirement. 
A number of such estimates have been made particularly by Camerer,?® 
Uffelmann’** and Herbst” in Germany, by C. Tigerstedt!®! in Finland 
and by Gephart®* Lusk?°° and Holt?’ in this country. 
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SUBSTANCE METABOLISM 
As remarked previously the substance metabolism has to do chiefly — 
and fundamentally with the metabolism of proteins, since these mate- 
rials constitute the substrata of living protoplasm. We think of the 
salts as perhaps next in importance in maintaining the structural 
integrity of the tissues and of the non-nitrogenous organic materials, 
fats and carbohydrates, if we think of them at all under this category, 
as merely accessory. If space permitted it would be of interest to 
inquire how far this tendency to regard fat and carbohydrate merely 
as fuel is justified. One instance readily comes to mind in which fat 
or at least lipoid matter is of obvious importance structurally; namely, 
in the nervous system; but since the science of nutrition has as yet 
learned very little of the influence of food upon the nervous system, 
little could be developed in this direction. It has been thought best, 
therefore, to limit the discussion in this chapter to those phases of the 
substance, contrasted with the energy, metabolism which seem to be 
of greatest practical import; namely, the physiology of protein and 
salt metabolism. The utilization of fat, falsely called “fat metabo- 
lism,”’ is discussed in its proper place, but the intermediary metabolism 
of fat and carbohydrate is entirely omitted, because so far as the writer 
is aware they run exactly the same course as in adults and numerous 
works are available setting forth the existing knowledge of this most 
engaging subject. 


A. DIGESTION AND ABSORPTION 


Mechanical Factors. Mechanics of Suction and Swallowing.— 
The act of taking food in the newborn infant is wholly dependent upon 
the power of suction in the mouth. The descent of the lower jaw in- 
creases the diameter of the mouth cavity in the vertical (really dorso- 
ventral direction). With air-tight closure of the lips and sucking pads 
about the nipple anteriorly, air-tight closure by pressure of the tongue 
against the palate posteriorly, and the resistance offered by the suc- 
tion pads in the cheeks, a negative pressure is created which increases 
. the flow from the breast or bottle to the mouth. Auerbach24 distin- 
guished this type of suction, which he called the infantile type, from the 
inspiratory type, which, he says, prevails in the adult. The infantile 
type of suction, however, is often employed by an adult, as for example, 
in smoking a pipe. The act of suction in the newborn is a pure reflex. 
Its nerve paths have been studied and the center located in the 
medulla.*? Cramer** and others have studied the mechanics of suc- 
tion and in general agree that the inability to nurse well is attributable 
primarily to an imperfect nervous mechanism rather than to a weak- 
ness of the jaw muscles. By making a tubulure into the nursing 
bottle and connecting it with a recording tambour a series of regularly 
succeeding curves of negative pressure caused by sucking may be 
demonstrated, which are rather definitely assignable each to a separate 
component of the series of muscular acts involved.22! 

Swallowing ordinarily does not occur until a sufficient quantity of 
milk flows into the mouth to spread over the base of the tongue and 
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reach the uvula or fauces thereby eliciting the reflex contraction of the 
mylohyoid muscle. This may require several suction movements of 
the jaw, depending upon the freedom with which milk flows from the 
breast or nursing bottle. Swallowing likewise is a peculiarly com- 
plicated reflex act. The peristaltic wave beginning in the constrictor 
muscles of the pharynx descends at a uniform speed over the entire 
length of the esophagus until it arrives at the cardia. The muscle 
wave, however, does not proceed at the same speed as does the liquid 
food in its passage through the esophagus. A spurting sound may 
often be heard over the cardia indicating entrance of the food into the 
stomach in four to six seconds after inauguration of the act. The 
peristaltic wave is propagated from section to section of the esophagus 
by a series of reflex motor impulses coming from the medullary center 
and spreading over various branches of the laryngeal nerves. Even 
when a section of the esophagus is removed the peristaltic wave will 
appear in the lower segment at its appropriate time, having jumped 
the gap by way of the reflex are. Section of the laryngeal nerves 
abolishes the coérdinated character of the act of swallowing, the upper 
part of the tube becoming relaxed while the lower part including the 
cardia enters a state of tonic contraction. 

The afferent impulses from the fauces for the swallowing reflex 
are carried by the second division of the fifth nerve, the glossopharyn- 
geal and the pharyngeal branches of the superior laryngeal. Efferent 
impulses travel by the hypoglossal nerve to the muscles of the tongue, 
by the fifth nerve to the mylohyoid and by the glossopharyngeal, the 
vagus and the spinal accessory nerves to the muscles of the fauces and 
pharynx. The medullary center is in reality a chain of centers, the 
entire series of discharges from which may be elicited by a single 
stimulus. This entire mechanism is developed and is functional at 
birth, even some months before term. 

Elicitation of the series of reflexes involved in suction and swallow- 
ing varies with hunger and with appetite. Hunger distinctly lowers 
the threshold, making it easier to start the sucking motions. This is 
quite independent of experience and probably operates to induce suck- 
ing in the newborn the moment anything touches its lips; for as we 
shall see presently the infant is born hungry. Appetite, on the other 
hand, implies memory of pleasurable sensations from previous experi- 
ence and cannot play any part until a mechanism for memory is 
developed.*’ Defensive reflexes which may cause the rejection of 
injurious substances from the mouth are likewise developed and opera- 
tive at birth. 

The milk as it runs through the mouth is mixed with saliva. Since 
the normal food of the infant is entirely fluid, and is therefore easily 
swallowed, the amount of saliva provided at birth is very small and 
probably does not exercise any influence on deglutition. Such physical 
action as it exerts takes place in the stomach (p. 723). Later in in- 
fancy saliva may be present in sufficient quantity to modify the coagu- 
lation of the milk and to moderate the reaction of the stomach.’ 
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Movements of the Stomach.—It has been demonstrated that the 
contractions of the stomach appearing when the stomach becomes 
nearly empty, and known to be the cause of the hunger sensations, are 
even more intense in the infant than in the adult.** In accordance 
with this fact it is a matter of common knowledge that the young 
experience greater hunger than do adults. Carlson points to at least 
three physiological reasons for this greater hunger in addition to the 
greater demand for energy which has been fully discussed in the pre- 
vious chapter: (1) There may be a greater rate of secretion of gastric 
juice so that digestion in the stomach requires less time, thereby giving 
a more continuously empty stomach. (2) There may be relative 


Fig. 237.—Diagram showing method of recording hunger contractions of 
the stomach. (Carlson.) B, rubber balloon in stomach. D, kymograph. F, 
cork float with recording flag. M, manometer. L, manometer fluid (bromoform, 
or water). R, rubber tube connecting balloon with manometer. S, stomach. 
T, side tube for inflation of stomach balloon. (The Control of Hunger in Health 
and Disease,” Chicago, 1916, p. 35.) 


hypermotility of the filled as well as the empty organ because of the 
actual youth of the stomach muscles, because of greater motor innerva- 
tion from the brain by way of the vagus, or as the result of greater 


ih 


_ . Fie. 238.—A period of gastric hunger contractions of a nine-hour-old normal 
infant before. first nursing. (Carlson, ‘‘The Control of Hunger in Health and 
Disease,”’ Chicago, 1916, p. 41.) 

concentration of specific chemical stimuli in the blood resulting from 
a higher rate of metabolism. (3) There may be greater sensitiveness 
to afferent impulses on the part of the brain centers concerned in the 
hunger sensation. §7 


In the newborn and very young infant the period of quiescence 
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between spells of hunger contractions is much shorter than in the adult 
(10 to 60 minutes as against one to three hours). Carlson is of the 
opinion that the hunger contractions may be the cause of restlessness 
in sleep or when of unusual intensity may cause the infant to wake 
- up and cry. This would seem to be a simple biological provision to 
insure food as needed. On further inquiry, however, it is found in 
the normal breast-fed infant on the one hand that. contractions of 
great intensity may occur without arousing the infant from sleep, and 
on the other hand that erying can often be allayed without stopping 
the contractions. Therefore, others*?? believe that hunger per se is not 
* &@ primary cause of crying and they cite the common observation that 
newborn infants particularly may be deprived of food for a consider- 
able time without showing any sign of discomfort. They infer that 
the distress accompanying hunger becomes more acute the older the 
child becomes, and that crying is rather a matter of nervous organiza- 
tion than of teleology. One fallacy in this line of reasoning may be 
exposed by the fact that, even in the adult, longer deprivation of food 
may cause less discomfort than a short period of hunger. Profes- 
sional fasters testify that after the first day or two one does not experi- 
ence any particular desire to eat. The greatest discomfort from the 
stomach comes within a few hours (6 to 10) from the usual time of 
eating. After the first two or three days the contractions diminish 
in intensity and the subjective pangs associated therewith are very 
much mitigated. The same is probably true of the infant in a shorter 
fast. External signs of distress from lack of food may not of necessity 
coincide with the most intense contractions. Nervous irritability 
may be influenced by hunger,! and crying may result as much from 
this change in irritability as from the gastric contraction. At all 
events it would be difficult to convince an average mother that her 
infant does not cry because he is hungry. 

Food placed in the mouth does not inhibit increased contractions 
in the very young infant. Inhibition from this source appears later. 
But when a very small quantity of milk (20 ¢.c.) or water is introduced 
into the stomach during a period of contractions, inhibition invariably 
results. The origin and increasing intensity of these contractions are 
thus summarized by Taylor:#?? “Immediately following food the 
infant sleeps. The upper stomach muscles retain a tonic grasp upon 
the food. The pyloric antrum is traversed by peristatlic waves.* 
The stomach gradually empties. The point of origin of the peristaltic 
waves rises higher and higher toward the cardia. The tonus rhythm 
of the fundus begins, the stomach empties itself more completely, the 
tonus rhythm becomes more intense, and the first hunger contractions 
appear.*71 The first contraction period is apt to be short. After a 
wait of perhaps 20 minutes a longer and more intense hunger period 
appears, then another and another. The infant’s sleep becomes 
lighter. He is more easily awakened by external stimulus or by gastric 
discomfort. He is put to the breast, nurses vigorously, becomes fati- 
gued, or experiences satiety from distention and again goes to sleep.’’39! 
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The time interval from feeding to the reappearance of hunger con- 
tractions was found by Carlson and by Rood Taylor to be on the 
average two and one-half hours, with the minimum at one and one-half 
hours and the maximum at three and one-half hours. Contractions 
usually appear some time before the stomach is completely empty. 

Evacuation of the Stomach.—Roentgenological study of the infant’s 
stomach has given much new information regarding the shape and 
motility of that organ. This information can be summarized here only 
very briefly. The shape of the gastric shadow upon the fluoroscopic 
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Fic. 239.—Roentgenogram of stomach of nursing infant 4 days old, taken 
2 minutes after infant had received 134 ounces of food. Note food already in 
jejunum. (Pisek and LeWald, Amer. Journ. Dis. of Children, 1913, vi, p. 232, 
Fig. 5.) 


screen or upon the Roentgen plate depends quite as much upon the air 
included in the viscus as upon the amount of food. Pisek and LeWald?®? 
distinguish three definite forms: one the ovoid or Scotch-bagpipe form, 
of Flesh and Pietri; second, the tobacco-pouch or retort shape of Alwens 
and Husler; third, a pear-shaped organ with base above and to the 
left. The total space occupied by the stomach may be much greater 
than one would suppose from a study of the infant cadaver. The shape 
and extent of the viscus also will depend upon the posture of the body. 

A bismuth meal of milk may be seen discharging into the intestine 
within five minutes after it is received in the stomach, and in many 
cases the entire meal is evacuated within one hour. The average time, 
however, on children with an exclusive milk diet is one and one-half to 
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two hours. Individuality seems to play quite a strong part. One 
child after 100 c.c. of mother’s milk will exhibit an entirely empty 
stomach in two and one-half hours, while another with exactly the same 
amount of milk will require three hours for emptying. Also with the 
Same quantity and dilution of cow’s milk, one child may empty in 60 
minutes a quantity which would require another child 90 minutes to 
dispose of. Doubling the quantity of milk in the same child increases 
the time of emptying only a little. From this one may reason that a 
few large meals will keep the stomach less active in total time than a 
larger number of small meals. 


Fie. 240.—Same infant as Fig. 239, thirty minutes later. Greater part of 
food is in the intestine. Note large air bubble and evidence of segmentation in the 
intestine. (Pisek and LeWald, Amer. Journ. Dis. of Children, 1913, vi, p. 232, 
Fig. 6.) : 


The most important single factor, so far as the character of the food 
is concerned, in infants as in adults, is the amont of fat. Tobler and 
Bogen**® give the following contrast. Increasing the amount of fat 
from 0.6 to 7.2 per cent. of the milk, delayed evacuation of the stomach 
from 70 minutes with the poor milk to 150 minutes with the rich milk. 
The concentration of the milk, independently of the per cent. of fat, 
likewise influences the time in the stomach. The more concentrated 
the longer it remains. Dilution of cow’s milk, therefore, keeping up 
the per cent. of fat will favor discharge of the stomach contents, but 
too great a dilution acts unfavorably. Schiile has observed that 300 
c¢.c. of milk sipped very slowly will remain 25 to 30 minutes longer in 
the stomach than if it is taken all at once. 
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Before the introduction of the Roentgen rays, it was learned through 
the use of the stomach sound that, in breast-fed infants less than a week 
old, the stomach is often found empty within one hour after feeding. 
Beyond one week but in the first month the maximum duration was 
found to be one and one-fourth hours. With still older infants, and 
especially those fed upon cow’s milk, the stomach was rarely empty 


Fia. 241.—Retort-shaped stomach of infant 4 months old, artificially fed; 
malnutrition; 125 cc. Bismuth-milk mixture; Roentgenogram 8 minutes after 
feeding. Stream of food pouring out. (Pisek and LeWald, Amer. Journ. Dis. of 
Children, 1913, vi, p. 232, Fig. 15.) 


inside of two hours. Clarke?? employing a modification of the sound 
method, in an extensive series of observations, concludes, in agreement 
with the Roentgenological studies, that the motility of the infant’s 
stomach varies inversely with the concentration of the food. The more 
dilute the food, therefore, the more frequent the feedings may be. 

Recent studies on the influence of the body posture on the emptying 
time of the stomach in infants from six weeks to seven months of age, 
using the Roentgen ray, confirms previous ideas regarding this matter. 
Eructation of gas is facilitated by an upright position immediately 
after nursing and by a prone position with the head of the bed slightly 
elevated.*°7 The evacuation of the stomach, however, is most rapid in 
the right lateral position.°¢ The reason for this is obvious, since the 
junction between the stomach and intestine is on the right side. A 
supine position produces a comparatively slow emptying. 


DIGESTION AND ABSORPTION 701 


A number of observers using the Roentgen ray with adults have found 
the stomach contents at the end of a meal distinctly stratified. This 
has been confirmed by examination of the frozen viscus in the case of 
animals, With infants taking fluid food entirely there is likewise a 
tendency to stratification, and in some instances the layers may be 
quite distinct. This, according to Gruetzner and Sick, results in 
expulsion of the whey first, the casein next, and then the fat. 


Fic, 242.—Same child as Fig. 241, after 15 minutes. Note gas in cardiac 
pole, pushing heart upwards. (Pisek and LeWald, Amer. Jour. Dis. of Children, 
1913, vi, p. 232, Fig. 16.) 


The stomach of the infant in contrast with the adult organ exhibits 
very slight, if any, peristalsis.2°4 Ladd observed that in normal diges- 
tion a bismuth meal appears in the intestine as soon as the feeding is 
completed, showing that a considerable amount of food may escape 
gastric digestion altogether; also that when a bismuth feeding is given 
and another follows at the end of the regular two and one-half or three 
hour interval, a residue from the first feeding does not mix well with the 
new feeding and passes out into the intestine much more quickly than 
when left to itself. A moderate degree of distention favors peristalsis. 
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It should be borne in mind that the reason milk can pass directly 
from the cardia to the pylorus and thence to the duodenum without 
entering the fundus of the stomach is an anatomical one, the BOSE 
“gastric canal.’’ This fact has been well brought out by Hess"? in his 
use of the duodenal balloon catheter. The gastric canal or short path 
which the food can take at the beginning of a meal lies in a vertical 
rather than a horizontal direction (Fig. 243). The stomach when 
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Fie. 243.—Balloon catheter in duodenum of an infant, and outlining course 
of the gastric canal from cardia to pylorus. (A. F. Hess, Amer. Journ. Dis. of 
Children, 1914, vii, p. 433, Fig. 5.) 


filled, however, tends to take a distinctly horizontal position, if the 
infant is on its back. Held in the vertical position the stomach con- 
forms, as would be expected, through the influence of gravity, the 
pylorus being considerably more movable than the cardia. 

The adult type of stomach is acquired at about two years of age. 
Hence in children taking a mixed diet the evacuation of the stomach, 
it may be presumed, follows more closely the adult type of motility. 
This has been well described by Hertz,'8* who has confirmed in a gene- 
ral way the observations of Cannon* on the cat. The body of the 
stomach according to Hertz, is divided into two rather distinct portions 
by the transverse band, or incisura angularis, confined in man chiefly 
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to the lesser curvature. The pyloric portion consists of the vestibule 
and pyloric canal which is especially well marked in the infant. . When 
a small portion of food is swallowed it takes the shorter course along the 
gastric canal to the pylorus. After a large meal peristalsis begins at 
once, the contractions starting well up on the body of the stomach and 
deepening in their progress toward the pylorus, as the muscle coat 
becomes thicker. When the contraction groove reaches the pyloric 
vestibule it is so deep that it almost completely cuts off the pyloric end 
from the rest of the stomach. There follows a compression movement 
by contraction in all directions which results in squeezing the vesti- 
bular contents out, part going through the pylorus and part escaping 
backward as a reflux stream into the body of the stomach. These con- 
traction waves succeed each other at regular intervals of 15 to 20 
seconds (in the adult) and continue thus to force the food little at a 
time into the duodenum. 

Emptying of the stomach in the adult is closely related to the 
acidity of the contents. A strongly acid reaction exerts an inhibitory 
effect upon the pyloric sphincter causing it to relax and thereby permit 
the food to pass. Cowie and Lyon* have demonstrated the presence 
of this so-called pyloric reflex in the infant and that the food is delayed 
in its passage by administration of alkali. The latter observation was 
confirmed by Pisek and LeWald. It should be noted, however, that 
in the light of the most recent contributions both by the Roent- 
genological’® and graphic?’* methods there is positive evidence that in 
the movements of the stomach in the adult there is a correlation between 
marked motor activity of the stomach, either as tonus changes or 
peristaltic waves, and an inhibition of the pyloric sphincter. The 
discharge of gastric contents is not governed by the presence of free 
acid alone. Cowie and Lyon observed in their infants likewise that 
‘free acid is not necessary for pyloric opening.” 

Movements of the Intestine.—If a section of the small intestine is 
cut out of an animal and immersed in a physiological solution, such as 
Ringer-Tyrode solution, and kept warm, it is seen to exhibit a series of 
rhythmic contractions which travel as waves along the muscle coats. 
Stimulated by the presence of food inside, the intestine 7n situ, but 
isolated from the central nervous system, sends its waves always in the 
same direction, namely, toward the large intestine. Bayliss and 
Starling’! observed that in a progressive contraction of this sort there 
is always a region of relaxation immediately in front of the region of 
constriction. This phenomenon, which is common to the alimentary 
tract from the lower part of the esophagus to the rectum, was called by 
them the “‘law of the intestine.’ That the immediate stimulus to this 
behavior is the mechanical effect of food rather than chemical has been 
demonstrated by introducing a lump of cotton lubricated so that it 
will slip easily along the mucous coat. Cannon** suggested the name 
‘“‘myenteric reflex”’ for the same series of phenomena, and Magnus*”? 
demonstrated that the plexus of Auerbach is necessary for its manifes- 
tation. Gaskell!4” has observed that in certain invertebrates there are 
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neurones of which the axons branch into two fibers, one because of the 
manner of its termination causing contraction of a certain muscle the 
other by a different form of termination causing inhibition of another 
muscle, and has pointed out that if the vagus, whose terminal branches 
- are known to connect with the plexus of Auerbach, may be assumed 
to send an inhibitory fiber forward and an excitatory fiber backward, 
a complete nervous mechanism would be provided for regulation of the 
intestinal movements. To account for progressive waves in the 
isolated segment, however, it is necessary to suppose that a mechanism 
sufficient for its regulation exists in the wall of the intestine itself, and 
Dogiel°? has shown that each neurone of Auerbach’s plexus has two 
axons which have different destinations. Further, it is claimed that 
the rhythmicity, irritability and latency of the intestinal muscle de- 
crease regularly as one proceeds from duodenum to colon. When the 
reaction to potassium cyanide and to anesthesia is tested and pro- 
duction of CO» and the content of catalase determined in the different 
segments there is a gradual falling-off in metabolic activity in the same 
direction, the diminution being described as a ‘“‘metabolic gradient.” 
This peculiarity of the intestinal muscle, quite independently of the 
nervous system, is held to be sufficient to explain the direction of 
peristalsis. 

Under certain circumstances contraction waves may proceed in the 
opposite direction and are commonly spoken of as anti-peristaltic 
waves. Cannon®? has suggested that the downward-moving contrac- 
tions should be called katastalsts and the upward-moving contractions 
anastalsis. Both anastalsis and katastalsis occur, according to his 
observation, in any portion of the gastro-intestinal tract. They are 
likely to occur rhythmically and run in a close series with no preceding 
inhibition. The contraction, which is preceded by a demonstrable 
region of inhibition, is of a different order; it is managed by the 
myenteric reflex and always moves downward. Since its characteristic 
feature is the relaxing or opening of the canal in front of the constriction 
the name diastalsis was suggested. Cannon finds that katastalsis 
occurs typically in the stomach and that anastalsis occurs typically 
in the proximal or ascending colon. 

A second form of movement in the small intestine is that described 
by Cannon under the name rhythmical segmentation. Its essential 
features are described by this author as follows: When the food has 
been distributed evenly through the intestine (of the cat) a notable 
feature in most all of the loops is the total absence of movement. If 
the animal remains quiet, only a few moments elapse before peculiar 
motions appear in one or other of the loops or perhaps several simul- 
taneously. These motions consist in a sudden division in one of the 
long masses of food into many segments of nearly equal size, then these 
segments are again suddenly divided and the neighboring halves unite 
make new segments, and so on. The segmented appearance of the 
: Lan take contents Seen in most any radiograph (e.g., Fig. 240, p. 699) of 

e infant’s small intestine soon after feeding is due to this phenomenon. 
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The purpose of these motions cannot be doubted. Recurring fre- 
quently in the same segment they serve to mix thoroughly the contents 
of the organ and to bring them into intimate contact with the 
intestinal lining, thereby promoting both digestion and absorption. 
The rhythmical segmentation is always followed sooner or later by a 
_ diastaltic wave carrying the contents along to a new segment where 
the process of rhythmical division and mixture is repeated. 

Emphasis should be laid on the fact that these rapid rhythmical 
segmental contractions can only be observed if the subject is perfectly 
quiet. They may be inhibited through fear, rage or almost any other 
kind of discomfort. Such inhibition is exerted so constantly that in 
the experimental animal it is practically impossible to demonstrate 
the myenteric reflex unless the splanchnic nerves are cut. The vagus 
control of the intestine is both inhibitory and motor. When stimu- 
lated it gives the inhibitory effect first and the motor effect only after 
repeated stimulation. Bayliss and Starling (loc. cit.) have published 
one experiment in which the motor effect of the vagus was demon- 
strated only in the ninth period of stimulation. The vagus is distrib- 
uted to all parts of the alimentary canal except the two extreme ends. 
The anterior end has its nerve supply from the glossopharyngeal and 
the posterior end from the pelvic visceral, or autonomic nerves. 

A third form of movement is often described for the small intestine 
namely the pendular, or swaying movement, caused by unequal con- 
traction of the longitudinal muscles on two sides of a loop. 

It is to be presumed that all of these types of motions are charac- 
teristic of infants and children no less than of the adult, although as 
noted above, the waves may not be so vigorous. Much remains yet to 
be learned regarding the neuro-muscular control of the alimentary 
canal in the infant although some progress has been made recently 
by the radiographic method. In time it may be expected that other 
peculiarities than those already mentioned will be brought out. 

There is considerable evidence that hunger is due in part to con- 
tractions set up in the small intestine®’ as well as in the stomach. 
Since the gastric hunger contractions are known to be more intense 
than in the adult we may expect to learn that hunger peristalsis in the 
intestine of the infant is likewise more intense. 

Movements of the Large Intestine.—In the adult digestion is 
practically completed when the intestinal contents reach the ileocecal 
valve (p. 738). What remains to be done is to squeeze the water out 
and reduce the mass to a consistency which can be retained until a 
convenient time for evacuation. It is reasonable to infer that this 
postponement of defecation together with the further possible extrac- 
tion of nutrient values through the bacterial digestion of cellulose was 
of sufficient advantage in the evolution of the human form to overcome 
the disadvantage of such slight intoxication from bacterial putrefac- 
tion as might occur in a state of nature. The human colon is obviously | 
of the herbivorous type and there is every reason to believe that primi- 
tive man lived much more largely on vegetable matter than does civ- 
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ilized man. Correspondingly, it is a rare individual who does not 
experience greater freedom from constipation and other intestinal 
intoxications when a liberal portion of his diet is drawn from fruits and 
fresh vegetables. 

With the infant however, the struggle for existence would impose 
somewhat different conditions. The exclusive food for many months 
must be milk. Only upon such a concentrated dietary can he make the 
necessary growth and at the same time cover his requirements for 
heat which are paramount. The food does not remain long in the 
stomach—it is practically ready for intestinal digestion when it is 
ingested. Radiographic studies show that the sojourn is compara- 
tively short in the upper part of the small intestine. The duodenum 
and jejunum both are usually found empty except immediately after 
a meal. The food is checked in its hurried course only in the ileum. 
The more readily available constituents like lactose are absorbed 
quickly—lactose even more quickly apparently than glucose,!4 but 
time is needed for the digestion and absorption of protein and fat. 
Recent studies*** have shown that while total utilization of fats is 
remarkably good in normal infants, the percentage of fat in normal 
stools is much higher than in the adults. Moreover even a mild form 
of diarrhea causes the elimination of a very high percentage of fat and 
of other solids as well. Now radiographic studies show that the colon 
as well as the long sigmoid are practically always full. The relative 
capacity of the entire large intestine is much larger than in the adult. 
This disproportion is not required for bacterial digestion, for animal 
food like milk is perfectly digested without the aid of bacteria. The 
inference is rather clear therefore that a relatively greater amount of 
absorption must take place in the large intestine of the infant than in 
the adult. Direct proof, however, is lacking. 

The mass delivered to the large intestine is still semifluid, a state of 
consistency quite necessary for complete contact with digestive en- 
zymes on the one hand and with the absorption surfaces of the small 
intestine on the other. Now however the water begins to be absorbed 
rapidly by the colon, the sacculations of the colon serving to increase 
the surface, as the valvulae conniventes increased the absorption surface 
above the ileocecal valve. The consistency of the residual mass 
becomes rapidly more solid until when the transverse colon is reached 
the material may be found as firm as that discharged from the rectum. ®® 
Cannon has shown that it is especially in the proximal portion of 
the large intestine that the backward movements which he describes 
as anastalsis occur. This type of movement in this location has been 
confirmed for the adult by Rieder.*6? So far as the writer can learn 
it has not been seen on the fluoroscopic screen in the infant, but there 
is no reason to suppose it is altogether lacking. One would expect a 
priort that anastalsis, or anti-peristalsis, would be scarcely so well 
developed as in- the adult, just as katastalsis is less well developed in 
the infant’s stomach. The fact that infant’s feces contain a higher 
percentage of water (78 to 81 per cent.) as compared with the adult on 
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an ordinary mixed diet (65 to 67 per cent.),“1! also speaks for a more 
rapid progress through the colon, or a less active absorption, or both. 
The special purpose served by these anastaltic movements obviously 
is to retard the forward movement and facilitate absorption of water. 
There would seem to be. greater opportunity for a continuance of 
digestion in the large intestine of the infant therefore than in the adult. 

Elliott and Barclay-Smith!8 described a sort of kneading or mix- 
ing movement in animals where the sacculi or haustra, are well devel- 
oped, and Schwarz**? has furnished testimony from his x-ray studies 
that these occur in the human (adult) colon. He states that the 
changes are strictly local depressions of the contour, now here, now 
there, suggesting a purely haustral contraction not unlike the rhyth- 
mical segmentation discovered by Cannon in the small intestine. 
If these segmental contractions occur in the infant the effect would be, 
as in the ascending colon of the adult, to provide a thorough overturn- 
ing and mixing of the contents thus facilitating as in the small intestine 
residual digestion and absorption. 

The diastaltic or onward movement of the colon and sigmoid do not 
seem to call for special discussion. The anatomical peculiarity of this 
region of the infant is the unusual length of the sigmoid flexure. Not 
infrequently this characteristic of the infant’s alimentary tract is so 
exaggerated as to cause embarrassment in the evacuation of the 
feces. 28° 

Chemical Factors.—Functions of Saliva.—Saliva does not play any 
very important part in the digestion of the infant. It is secreted in 
very small amounts during the first week of life2#° but may be stimu- 
lated reflexly by chemical means.*°* After the sixth week the amount 
increases considerably and it is possible, according to Korowin, to 
collect as much as 1 to 114 ¢.c. in five to seven minutes from a child 
four months old. 

Following the demonstration by Schiffer in 1872 and Korowin in 
1874 that a diastatic enzyme is found in the saliva at birth and con- 
firmation of this fact by Keating??? in 1883, search was made for it in 
the salivary glands of the fetus of the human and of several other species. 
It was lacking in the sheep but was found in the fetal calf.247 Mol]398¢ 
obtained a sufficient amount of saliva from a parotid fistula of a seven- 
months human fetus to digest starch to sugar (maltose) in five minutes. 
Ibrahim** in fact found diastase in the parotid gland as early as the 
fourth month and in the submaxillary at the sixth month. There can 
be no doubt, therefore, that the small amount of saliva secreted by the 
infant contains an enzyme capable of acting upon starch as soon as it 
reaches the mouth.**4 Shaw‘ devised a way of collecting the saliva in 
infants six days to two months of age. Making little sponges of absorb- 
ent cotton covered with hospital gauze he introduced these into the 
infant’s mouth and stimulated the secretion by placing a bit of salt on 
the tongue. Removing the sponge in two or three minutes he washed 
it with water and secured, after incubation for a few moments, a good 
sugar reaction in starch solution. Shaw also gave a test meal of barley 
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water to the young infant and, washing it out at various intervals, was 
able to demonstrate the possibility of action upon starch in the stomach 
for as long as two hours after feeding. It is well known that pytalin 
digests starch only to the stage of maltose.”4 Cleavage of this sugar Is 
accomplished by maltase but this enzyme is produced by the salivary 
gland in the merest traces if at at all.1° 

Variations in the digestive power of the infant’s saliva have been 
studied by Finizio!?! who found the amylolytic action greatest about 
midday, but to be independent of the presence of starch in the food up 
to six months of age. Beyond this age there was an increase in diastatic 
power immediately after a meal of starch. The starch-splitting power 
of the saliva was tested in several infants every month throughout the 
first year. It increased steadily from birth to the age of 12 months. 
At 8 to 10 months it was twice that at birth and at one year a trifle less 
than that of children two to three years of age. It is to be inferred that 
an infant one year of age is capable of digesting starch in the stomach, 
so far as the reaction in that organ will permit, practically as well as two 
years later. Since ptyalin is a purely diastatie enzyme and there is no 
starch in the natural food of the newborn it might be inferred that nature 
had made a mistake in providing an enzyme so longin advance of its need. 
It will be seen later that the same is true of the pancreatic diastase. 
This liberal anticipation of future necessity, however, may be regarded 
as one of the factors of safety in digestion, which man has inherited 
from remote ancestors, among whom, no doubt, the young began 
taking fruits and other starchy foods at an earlier stage of infancy. 

The reaction of saliva in the adult is alkaline to litmus, but to 
phenolphthalein and other indicators sensitive to COs: it is neutral or 
slightly acid. According to Munk*? it behaves like a solution of bicar- 
bonate of soda, or still better perhaps, like an alkaline solution which 
has been saturated with CO2. Freshly expectorated saliva, according 
to the most recent determinations, shows a px of 6 to 7.3, but in 80 per 
cent. of the cases it varies only from 6.6 to 7.1. It may vary in the 
same person considerably, but such variations show no relation to time 
of day, or character of the food, and the administration of acid or 
alkali produces no definite effect.* . 

The reaction of the mouth of the newborn infant, according to 
Allaria,* is neutral or slightly acid to litmus, and in the nursling con- 
tinues to react acid to litmus but does not turn methyl-orange. The 
Px Is very slightly on the acid or alkaline side or indeed exactly at the 
neutral point (7.0) provided freshly secreted saliva is taken. After 
it remains in the mouth for a while it becomes distinctly acid. 

The same author has studied other physico-chemical properties 
of the infant’s saliva’. The depression of the freezing point (A) is —0.23 
to 0.11 degrees with a mean of —0.17 degrees; the electrical conductivity 
(K) has a mean value of 0.00354 and the chloride content has an average 
value of 0.04 per cent. It is the poorest in salts of all the body fluids 
and the total dry residue is only 0.082 per cent.37 Since it is strongly 
hypotonic to both the blood and milk, Allaria thinks its significance in 
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digestion is to render the food less hypertonic and because of itsneutral 
reaction to moderate excesses of acid or alkali therein. When milk 
mixed with saliva is compared with milk alone under the influence of 
the stomach enzymes’ the coagulation is delayed to about the same 
degree as with an equal quantity of distilled water, but the action of 
pepsin is not hindered -at all. 

In 1851 Liebig discovered that the salivary glands could be made to 
discharge their secretions by electrical stimulation of certain definite 
nerves. Heidenhain later demonstrated that they have two distinct 
sets of nerve fibers, a sympathetic and a cerebral supply. Thecerebral 
fibers for the submaxillary and sublingual glands traverse the chorda 
tympani branch of the facial; for the parotid they run in the tympanic 
branch of the glossopharyngeal. The sympathetic fibers for all the 
glands, according to Langley, make their exit from the spinal cord 
through the second and fourth or occasionally from the first to fifth 
thoracic roots and have their cell stations in the superior cervical 
ganglia or in certain peripheral ganglia situated in the glands themselves. 
The reflex centers are in the medulla.2*7 This center is developed at 
birth, for as we have seen the flow of saliva in very young infants can be 
evoked reflexly by chemical means. Clinically it is well knownthat 
salivation occurs in babies as young as one month as the result of 
vagus disturbances. Similarly, in young infants suffering from flatulence 
or other intestinal disturbances the mouth may become dry as the 
result of inhibitory nervousimpulses playing upon the salivary glands.127 

In the dog a cerebral center, presumably for psychic control of sali- 
vary secretion, has been located in the anterior part of the gyrus supra- 
sylvius anterior in front of and below the sulcus cruciatus. Stimulation 
of this region in newborn puppies gives negative results from which 
Gundobin'® infers that the scanty secretion of saliva in the newborn 
infant is due to the imperfect development of the cerebral cortex. At 
just what age the pleasurable sensation of taking food is developed 
is very difficult to make out, but there is good reason to suppose it 
exists by the fourth month when the child exhibits many signs of appre- 
ciation of food, and it is presumed that the cortical center is sufficiently 
developed by this time to be active in the psychic production of saliva. 
The taste buds, the receptor organs, send up impulses which arouse 
the cortical cells and these return motor impulses which in turn play 
upon the reflex centers, thereby lowering the threshold and facilitating 
the production of saliva. Pfaundler**! thought he had shown that in 
the infant, as others have shown for the adult, and as Pavloff especially 
had demonstrated for the dog, with esophageal fistula, that stomach 
digestion proceeded more favorably if the food first passed through the 
mouth. This is known to furnish a psychic element to the gastric 
glands in the adult; but recent observations do not confirm this for 
the infant (p. 710). 

Secretion and Properties of the Gastric Juice. /Fetal.—The 
gastric glands appear in the stomach of the fetus at about five 
months.!®° They increase greatly in number during the last two 
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months of intra-uterine life. At birth there are as many. glands per 
unit of surface as in the adult, 42 though they are somewhat smaller in 
size. According to Dudin!% the reaction of the mucous membrane 
of the fetal stomach is neutral up to the sixth month after which it is 
acid. Free HCl was not detected before the ninth month, and it is 
not always present even at birth.’ In 55 infants one-half hour to 
18 hours of age examined by Hess'8” free HCl was present in all but 
two. 

It has been known for nearly 60 years that the mucous membrane 
of the fetal stomach would digest albumin. Pepsin was found by 
Langendorff?°? as early as the fourth month and rennin by Dudin at the 
sixth month. The strength of the enzyme naturally varies with the 
freshness of the material obtained by extraction. Lipase was demon- 
strated by Ibrahim?!’ in a glycerin extract of gastric mucosa taken from 
a fetus of 1,100 gm. weight. The internal secretion gastrin, which 
can be extracted from the pyloric portion of the stomach mucosa and 
when injected into the circulation has the power to stimulate the 
gastric glands, as demonstrated by Edkins,!°° has recently been found 
also in the fetus. 

It would appear that these digestive enzymes present in the mam- 
malian stomach long before birth are able to dissolve any albuminous 
material swallowed with the amniotic fluid; for Preyor®*® found a 
biuret reaction in the stomach of fetal rabbits which contained also 
some curds of albuminous material. 

Gastric Juice at Birth.—It is evident that a gastric juice containing 
its characteristic enzymes should be present at birth, and as a fact 
Hess was able to collect from 8 to 10 ¢e.c. of a highly acid secretion 
before any food had been given. Carlson®’ has demonstrated that the 
adult stomach produces a continuous secretion of gastric juice varying 
from a few cubic centimeters to 60 c.c. per hour independently of any 
food or of any psychic reaction. The secretion present at birth is 
doubtless of this character. Carlson attributes the continuous secretion 
to the action of secretogogues formed from the auto-digestion of mucin 
and other proteins contained in the gastric juice itself. It is only neces- 
sary therefore to account for the primary stimulus to explain its 
continuous production. 

Secretory Mechanism.—The gastric secretion is produced in answer 
to some stimulus acting upon the gastric glands. Food in the stomach 
can act chemically by means of secretogogues even after all nervous 
connections with the stomach are severed (Popielski, Bickel). Accord- 
ing to Popielski*®®* the secretogogue arouses a reflex from the intrinsic 
nervous mechanism in the stomach itself. According to Edkins the 
secretogogue acts upon the pyloric mucosa causing the formation of 
gastrin which then acts upon the gastric glands by way of the circula- 
tion. Milk does not furnish very strong chemical stimuli as does, for 
example, meat. 

It was the great merit of Pavloff*4*to discover that the normal stimu- 
lation of the gastric glands through the extrinsic nervous system 
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follows two sensory pathways, one from the stomach itself and one 
from the sense organs (eyes, nose, taste buds) of the head. That 
secretion poured out in answer to stimuli sent to the sensorium (and 
association centers) from the sense organs he called the psychic secre- 
tion. Whether a true psychic secretion is possible in a newborn or 
very young mammal is a mooted question. It has been affirmed for 
the newborn dog by Cohnheim and Soetbeer7® and for the newborn 
infant by Pfaundler,?*! Nothmann,?28 and others. It is vigorously 
denied by Rood Taylor*?? who devised a suction apparatus which 
enabled him to carry out sham feeding and to recover all of the food 
from the esophagus before it reached the stomach. In such experi- . 
ments there was never, in infants from a few hours to five months of 
age, any increase in gastric secretion as the result of passing the milk 
through the mouth. Taylor takes the position that previous observers 
had failed to take account of the continuous secretion which in the 
fasting infant he calls, after Carlson, the “hunger juice.” 


Bulb for collection Ca 
of saliva milk ete. /,%6 \\suction 


To syringe for 
J, collection of 
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; \netal tip. 
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19 stoma 
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Fie. 244.—Apparatus for collecting food from the esophagus (sham-feeding) 
and gastric juice from the stomach of an infant. (Rood Taylor, Amer. Journ. Dis. 
of Children, 1917, xiv, p. 260.) 


In children above the age of infancy a psychic secretion appears 
more probable. Bogen** made extensive observations on a child three 
and one-half years old with an absolute closure of the esophagus 
caused by drinking strong alkali. Sham feeding with meat was given 
more than forty times accompanied always by a definite tone blown 
upon a small trumpet. Subsequently when this tone was produced 
without feeding, the stomach was observed through the fistula to secrete 
actively on seven out of ten trials. Chewing meat for 15 minutes 
caused the secretion of 5 to 25 c.c. of juice. The inhibiting influence 
of pain and anger also were observed. Hornberg?°® made similar 
observations on a five-year-old boy with the same infirmity. He was 
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not able to induce secretion by the mere sight or smelling of food, 
probably, as Carlson states, because the child became angry when he 
was not permitted to eat (chew) the food at once. _ 

Character of the Gastric Juice in Infancy and Childhood.—The 
hunger and appetite gastric juice in Carlson’s®’ adult fistulous subject 
had an average specific gravity of 1,007, and a molecular lowering of 
the freezing point of —0.47°C. to —0.62°C. The same values express- 
ing density and the osmotic concentration were found by Sommer- 
feld*” in the appetite juice of a 10-year-old girl. The total nitrogen 
of the appetite juice of the adult man is 0.60 gm. in 100 c.c. (Carlson) ; 
the ammonia amounts to 2 or 3 mg. per 100 c.c. Sommerfeld found 
no ammonia in the pure gastric juice from his fistulous girl. He did 
not determine the total nitrogen. Formol-titratable (monamino-acid) 
nitrogen is found in the appetite juice to the extent of 3 to 9 mg. per 
100 c.c. It has not been studied in the gastric juice of infants. 

In discussing the acidity of the gastric juice it is necessary in the 
light of the most recent researches*’ to distinguish at least three kinds 
or classes of this secretion: (a) that which is. produced continuously 
and is found at any time when the stomach is empty of food; (6) the 
“hunger juice,” differing from the preceding merely by the fact of 
greater purity and named from the fact of its occurrence in the stomach 
a longer time after taking food; and (c) the appetite juice, or psychic 
secretion, produced in immediate anticipation of taking food, which is 
the purest of all. These distinctions are clearly seen in the following 
table of analyses given by Carlson for a fistulous subject whom he 
studied for a number of years. 


Taste 47.—Acipiry oF Normat Gastric Juice (Carison) 


} = 3° 
| Average acidity 


Number of 
Kind of secretion observations 
Free, H Total, 
per cent. ) per cent. 
| | 
Continuous, from empty stomach* 235 pe OL18 0.23 
Hunger juices: Ar seeee cen ee 180 0.25 0.34 
Appetite juice: ||... EGR 285 0.40 | 0.48 
| 


*Taken one hour after washing out the stomach with 200 c.c. of water. 


There are two factors, according to Carlson, which account for the 
differences in acidity here shown; one is the rate of secretion, the other 
is the power of dilution and neutralization. The normal acidity of 
gastric Juice rapidly produced is very close to 0.5 per cent. But if it is 
produced slowly, even where no saliva can mix with it as in the fistulous 
subject, there is opportunity for partial neutralization and dilution by 
the mucous secretion of the gastric glands and by the alkaline contents 
of the duodenum regurgitated into the stomach. The latter mechan- 
ism for self regulation of the acidity of the gastric contents, first de- 
scribed by Boldyreff,®° has now been firmly established for the adult. 
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The continuous secretion therefore is of low acidity primarily because 
it is secreted slowly; but also because it is diluted and partly neutral- 
ized. Hunger juice is of stronger acidity because it is produced more 
rapidly and may be recovered in quantity before there is time for much 
dilution and neutralization. Appetite juice is produced so rapidly 
that it may be recovered pure before there is any dilution or 
neutralization. 

These facts must be borne in mind in estimating the acidity of the 
gastric juice of infants and children. Hess187 found gastric juice, free 
of saliva, in newborn infants immediately after passing the stomach 
tube, which showed a total acidity of 0.4 per cent. HCl. He empha- 
sized the fact that this secretion is continuously produced; but since 
he did not wash out the stomach as did Carlson, what he found is 
probably to be classed rather as hunger juice with which in the adult it 
more nearly agrees (Table 47). Rood Taylor*?* also found the hunger 
juice of infants equal in acidity with that of the adult. 

It is evident that the gastric glands at birth and probably con- 
tinuously thereafter are able to secrete gastric juice of full strength. 
When lower acidities are found in the empty stomach they are due to 
dilution and partial neutralization. This seems to be accomplished in 
the infant by the stomach itself or through the agency of saliva and 
very little if at all through admixture of duodenal contents; for Reiche?*° 
was unable to find any trypsin in the stomach after feeding cream, and 
Hess was not able to induce a flow of pancreatic secretion in the new- 
born by instillation of gastric juice into the duodenum. In the fistu- 
lous girl 10 years of age studied by Sommerfeld‘ the appetite juice 
secreted after sham feeding with different foods showed a variable 
acidity as follows: After milk, 0.38 per cent.; meat, 0.41 per cent.; 
bread, 0.47 per cent.; sugar, 0.38 per cent.; mixed food, 0.42 per cent. 
The chlorine content after mixed food was 0.53 to 0.59 per cent. The 
total solids amounted to 0.41 to 0.47 per cent. of which 40 to 50 per 
cent. was mineral matter. 

Reaction after Feeding.—After feeding with milk the acidity of the 
infant’s stomach is greatly reduced owing to the binding property of 
the milk proteins. An hour and a quarter to two hours after feeding 
at the breast, however, Wohlmann‘*’ found an acidity of 0.08 to 0.18 
per cent., and Allaria'! observed after feeding with cow’s milk that the 
concentration of chlorides and total acidity increased as the concen- 
tration of milk sugar decreased. A part of this total acidity is due to 
the presence of fatty acids; for Dudin!* found the free HCl an hour 
and a quarter after feeding a premature infant 17 days old with cow’s 
milk to be only 0.008 per cent. Sedgwick?* demonstrated the presence 
of lipase in the stomachs of newborn rabbits and of infants in the second 
week and accounted for a considerable part of the acidity as due to 
fatty acids. Hamburger and Sperck!”° were able to demonstrate free 
acid more abundantly, the later after breast feeding the contents were 
taken, but never within one hour. According to these authors the 
total acidity was almost always greater than the binding power of the 
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original milk, from which they concluded that the binding power of 
the acid must be increased ‘under the influence of stomach digestion or 
that the stomach contents become more concentrated by the absorp- 
tion of substances which could not bind up the acid. Owing to the 
greater binding power of cow’s milk the combined acid may amount to 
three times as much after artificial feeding as after breast-feeding. 
Free HCl to the extent of 0.07 to 0.08 per cent. prevents the break- 
down of lactose into lactic acid; but with the heavier casein of cow’s 
milk the free HCl may be reduced to such a point that lactic acid is 
readily produced. Wentworth, using a modified form of Sjéquist’s 
method, recorded acidities in nine well-nourished infants from 18 days 
to eight months of age one hour after feeding. Out of 12 determina- 
tions one showed 0.12 per cent., one 0.09 per cent., nine were between 
0.01 and 0.05 and one was as low as 0.005. 

Hydrogen-ion Concentration.—The titration method is not a satis- 
factory way of expressing acidity in the stomach; for (1) the reaction 
depends upon the indicator used, and (2) in titrating with an alkali 
there is aconstant shifting of the neutral point. until all of the combined 
as well as the free HCl is completely neutralized. 

A more accurate way of expressing free acidity is in terms of the 
concentration of the hydrogen ion. So far as its influence upon the 
action of ferments is concerned this is the only acidity that is effective. 
The p, of the undiluted appetite juice from a gastric fistula? is in the 
neighborhood of 1.00, or the concentration of hydrogen ions expressed 
directly is 8.13 X 10-*. Taylor*”* employing the gas chain apparatus of 
McClendon found the C,, of the hunger juice in an infant two hours old 
before nursing to be 0.3 X 10-, and in another five months of age 
seven hours after food 0.5 & 1071. 

After feeding the acidity of the stomach is rather more constant 
when expressed by this method than by the titration method. Hahn! 
fed one-third cream and two-thirds milk and at the height of digestion 
found a fairly constant acidity of C, = 1.0 X 10-, which, according to 
VanDam,**° is the optimum reaction for the coagulation of milk by 
rennin and according to Davidsohn® is the best also for the action of 
gastric lipase. Salge?8° confirmed the value of Px found by Hahn, for 
infants on anexclusive milk diet, but finds a lower value (higher acidity) 
in children who were taking other foods. For those who find it labori- 
ous to pass from one mode of expressing acidity to the other the follow- 
ing conversion table will be of service: 


TaBLe 48.—Dirrerent Meruops or EXPRESSING THE SAME AcIDITY 


HCl normality Cy+ Pu 
NAOT IN it sat a SNe We ae. bg 8.0 X 1071 | 0.10 
LU Pea I ae PD Tier oy 8.4 X 10-2 1.07 
OO RNS ecuador sks eee 9.5 X 10-3 2.02 
SLL Rs nae rege iy 9.7 X 10-4 3.01 
nee 
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The optimum concentration of hydrogen ions for digestion of 
proteins by pepsin has been found by the gas chain method to be 0.02 
to 0.06 N or 2 to 6 X 10-*. According to Davidsohn the optimum is 
1.6 X 10~*. Working with casein and gastric juice of infants he was 
not able to demonstrate any appreciable digestion at the acidities 
found by Hahn and Salge in the infant’s stomach at the “height of 
digestion.’’ McClendon?** measured the H-ion concentration of 27 
different samples of gastric contents taken from infants under one 
month of age at different intervals after feeding. From these he plot- 
ted a curve, using the modes of the variations for each time interval. 

The curve shows that there is little or no change in the acidity from one- 
quarter to one hour after nursing, the level being at about 0.000005 N 
for the H-ions. Within the second hour however it rises to 0.00012, 
dips down again at the half hour, then rises to 0.001 at the third, and to 
0.01 at the fourth hour, which is the level of acidity in the adult stomach 
after a meal. It was during the first hour after feeding that Hahn and 
Salge took their samples and for this reason they did not find the higher 
acidities. By the time the free acidity reaches a level at which pepsin 
can act rapidly on casein (third or fourth hour according to McClendon) 
the milk has left the stomach (p. 698, seg.). Hence, again the conclu- 
sion that protein digestion cannot proceed far in the infant’s stomach. 
However, it should be noted that the relatively high acidity is necessary 
for the activation of pepsinogen to pepsin and that once this activation 
occurs slow digestion is possible even at a very low acidity.4! 

Hess'*7 determined the acidity upon the stomach contents of breast- 
fed infants and found that it increases slowly up to nine months at 
which time it is quite sufficient to activate pepsin. He was impressed 
with the greater effect of breast milk to stimulate the production. of 
HCl than of meat extract. Kronenberg? argued that the albumoses 
and peptones occur in the chyme as it leaves the stomach in sufficient 
amount to prove that peptic digestion is of considerable importance 
notwithstanding the claims of Allaria, Davidsohn and Salge that the 
acidity is too low. He found the acidity of the stomach at 18 to 20 
months of age the same after test meals as in the adult and proved to his 
satisfaction that digestion of milk with an artificial gastric juice at a 
C of 1 X 10~* (indicator) or 0.5  10-° (gas-chain method) can 
reach significant proportions. 

Finizio!* finds that 100 ¢.c. of mother’s milk binds 0.1168 gm. 
HCl, but by adding progressively increasing quantities of anormal solu- 
tion to a mixture of mother’s milk and pepsin, digestion may take 
place before this quantity is bound, 7.e., in the absence of free HCl. 
N aturally the quantity of acid bound will depend upon the quantity of 
protein present. Heubner!’ gave 0.324 gm. HClas the amount whichis 
capable of being bound by cow’s milk, and approximately one-half this, 
0.162 gm., as the amount for mother’s milk. As we shall see later the 
activity of pepsin and rennin may depend altogether upon the reaction 
of the gastric secretion. Individual variations doubtless must be 
reckoned with, depending in part upon the emptying time and this in 
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turn upon the anatomical shape of the stomach, and in part upon the 
activity of the glands. 

External Factors.—A recent observation by Goyena and Pettit?®” on 
the adult may be of significance in connection with kidney inefficiency 
in the infant. The NaCl content of the blood almost parallels the Cl 
content of the gastric juice, so that when there is retention of the salt 
from impermeability of the kidney, the stomach will normally show 
hyperchlorhydria, 7.¢., rapid secretion, and this indeed may be the first 
sign of kidney insufficiency. Czerny and Keller®® are strongly of the 
opinion that hyperacidity in the sense of an excessive percentage of 
acid in the gastric secretion of the infant has never been proved; but in ° 
the light of Carlson’s work, hyperchlorhydria never means anything 
more than rapid secretion of a juice of constant acidity. Cohen’* has 
recently observed that the secretion of chlorides in the dog is independ- 
ent of the free acidity of the gastric juice. 

Enzymes of the Gastric Juice.—There are three positive enzymes, 
not to speak of possible anti-enzymes, in the gastric juice all of which 
are present at birth (p.710). The one which is thought of as most 
characteristic of the young mammalian stomach is the one which 
brings about the coagulation of milk. It would seem important for a 
thorough understanding of digestion in infancy that a fairly complete 
account of this enzyme be given. 

Rennin or Chymosin.—Curiously enough the active principle which 
causes coagulation of milk is produced by many other organs than the 
stomach, e.g., pancreas, liver, lungs, kidneys, and is rather widely 
distributed in nature, even in the vegetable kingdom. It is found 
rather abundantly in such fruits as the pawpaw, the fig and tomato and 
occurs in such unexpected places as in the cabbage, in algee and fungi. 
All of these rennins differ among themselves, and those produced 
by animals differ from those produced by plants. Some coagulate 
unheated milk better than boiled milk; others the reverse.!°° Rennin 
produced by a cold-blooded animal like a crab is much more resistant 
to temperature changes than that produced by a mammal. Those 
produced by a calf, which is the best known commercially, and by the 
infant are exceedingly sensitive to temperature, The rapidity of action 
may be affected by the influence of temperature on the enzyme itself 
or upon the milk. The reaction of the medium also may determine the 
effect of temperature upon the coagulation time. With calf’s rennin 
and therefore presumably with infant’s rennin as well the temperature 
to which the milk has been previously heated affects the coagulation 
time. Effront gives the following table: 
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TasBLe 49.—INFLUENCE oF A Previous HEATING on THE CoaGunLation or Cow’s 
Mixx By Catr’s RENNET (EFFRONT) 


Previous temperature of the milk, Tj : ; 
degrecnC ont ends ime for coagulation, minutes 
30 21 
40 21 
50 24 
60 26 
70 28 
80 31 
90 41 
100 48 


In each case the milk was held at the temperature indicated for one 
hour. It was brought to 40°C. and the same amount of rennin added. 
We see that boiled milk requires double the time taken to coagulate 
normal milk. This is due to the precipitation of calcium ions whose 
strongly accelerating power is well known for coagulating milk as well as 
blood. However, boiling also threw down the albumins of milk which 
retard coagulation. With fig rennin the removal of the albumins 
favors coagulation more than the precipitation of calcium hinders the 
reaction, so that it acts better on boiled than on unboiled milk. Figs or 
fig juice with boiled milk might therefore prove advantageous when 
boiled milk must be used in infant feeding. 

Acids up to 0.4 per cent., the normal reaction of hunger juice 
(p. 713), accelerate the action of rennin. Even in very small amounts 
acid produces very manifest results. It acts as an excitant to the 
enzyme itself and at the same time prepares the milk go that it is much 
more susceptible to the enzyme. 

Alkalies, on the other hand, retard the action of rennin even more. 
A solution of calf’s rennet diluted and made up to N/500 with sodium 
hydroxide losses about 50 per cent. of its activity in 20 minutes. Car- 
bonates are not so destructive as caustic alkali, and bicarbonates have 
less effect than the normal salt.2”% Lorcher and Duclaux?* have studied 
the influence of adding various other salts to milk. They agree that 
sodium phosphate (NazHPO,) retards coagulation while the correspond- 
ing salt of potassium accelerates it. Among the other accelerating 
salts are barium nitrate, chlorides of barium, calcium, strontium, 
cadmium, and aluminum. In the group of retarding salts are the sul- 
phates, iodides, bromides, chlorides and fluorides of potassium and 
sodium. Obviously it is the kation rather than the anion which deter- 
mines the effect. 

According to Gerber!”° the explanation of the effect of a given salt 
(kation) is to be found chiefly in its effect upon the calcium phosphate of 
the milk. Rennin is known to be strongly calcophile and the neutral 
salts of sodium and potassium change the medium (milk) rendering it 
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less favorable by precipitation of the calcium. If pains. be taken to 
keep the calcium in solution by using the acid phosphates, for example, 
small quantities of these salts act as accelerators rather than retarders. 
The same is true of the acid sulphates up to a certain point of concen- 
tration. , : 

Rennin is likewise very sensitive to the action of antiseptics. 
Formaldehyde in milk to the extent of 1 gm. per liter very consider- 
ably retards coagulation and 3 gm. completely suspends the action. 
Rennin exists in the mucous membrane of the stomach in two different 
states, the active enzyme and pro-rennin. Under the influence of acid . 
in very small amount at the optimum temperature the pro-enzyme is 
rapidly transformed into the enzyme. According to Hedin?’ the pro- 
rennin is combined with an anti-rennin. HCl acts to free the enzyme 
and at the same time to destroy the anti-rennin. 

While some observers have failed to find rennin in the infant’s 
stomach immediately after birth (Raudintz, Van Puteran) this failure, 
according to Szydlowski,*!® may be due to the fact that the enzyme is 
so readily adsorbed upon solid food particles that it is lacking from the 
filtrate. This author found it always present in unfiltered washings 
taken from the empty stomach, and in a series of 23 children 2 to 14 
days of age the stomach contents taken one-fourth to two hours after 
breast feeding contained in every case sufficient rennin to coagulate 
cow’s milk at body temperature. 

The reaction at which milk coagulates most rapidly under the 
influence of rennin has already been noted (p. 714). It should be 
mentioned further that there is some difference between cow’s milk and 
human milk in this respect, the latter requiring a slightly higher acidity 
(C, = 1.1 X 10~*) than the former (8 X 10-7).% Adding rennin to 
both kinds of milk and letting them stand until coagulation occurs it is 
invariably noted that cow’s milk sets much sooner than human milk. 
This difference has been ascribed by Davidsohn to the difference in salt 
content of the two milks (p. 763). 

Nature of Coagulation.—The protein in milk which is acted upon by 
rennin is known as caseinogen. It is in large part in perfect solution ; 
but in small part is present as a suspension. There are two distinct 
steps in the process of caseification. One is the transformation in some 
way of the caseinogen into a different compound (caseogen) under the 
influence of the enzyme. The other is the precipitation or setting of 
the clot under the influence of calcium ions. That calcium is necessary 
is as easily demonstrated as that Ca is necessary to clotting of blood. 
One has only to treat the milk with a soluble oxalate or with sodium 
fluoride. That the rennin changes the caseinogen is proved by the 
fact that an amount of enzyme necessary to clot a given quantity of 
natural milk in 20 minutes will act instantly, after coagulation has been 
suspended for 20 minutes by removal of calcium, when a few drops of 
CaCl, are added. 

According to Arthus®? caseinogen is split by rennin into two pro- 
teins, the caseogen, which he calls paracasein, and lactoproteose. The 
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calcium ions react only with paracasein forming the true caseum or 
clot, while the lactoproteose remains in solution. The amount of the 
proteose however seems to vary with the age of the milk and it is not 
yet certain that it is not produced by bacteria or by pepsin which 
always accompanies rennin. Whether the calcium actually unites 
with the caseogen (paracasein), or is only carried down by the latter 
when it is separated out, has been much discussed. The known fact; 
is that the caseum always contains calcium ; but this fact is equally 
well explained by the supposition that caleium phosphate precipitates 
out carrying down with it the caseogen. The nature of the trans- 
formation of caseinogen into caseogen also still remains to be explained. 

As opposed to this chemical conception of coagulation just outlined 
is the physical hypothesis of Duclaux according to which coagulation 
under rennin is very similar to coagulation under the influence of 
neutral salts of the alkaline earths; e.g., CaCl, SrClo. BaCl., Ba- 
(NOs)o. Here it is fairly clear, the substance in solution (caseinogen) 
merely changes its state under the influence of the added salt. Both 
caseinogen and the calcium phosphate being partly in solution and 
partly in suspension, the stability of the two is interdependent, each 
exerting a reciprocal influence on theother. By addition of analkaline- 
earth salt coagulation is brought about because the equilibrium which 
existed between the caseinogen and the various inorganic substances 
contained in the milk is disturbed. 

Likewise the action of rennin can be explained by the modification 

caused in the structure of the caseinogen. Rennin changesit into casein 
which is more sensitive toward the inorganic constituents and hence is 
precipitated. In oxalated milk the casein remains in suspension, but 
‘owing to the sensitizing influence of rennin an amount of CaCl, or 
- NaCl will now cause coagulation which without the rennin would have 
had no effect. Becoming insoluble the casein carries down with it the 
calcium phosphate, but the resulting caseum is rather a mixture than a 
true compound of organic and inorganic constituents. 

Pepsin.—This enzyme was first isolated by Wasmann in 1839, 
although its name had been given earlier by Schwann. It is the really 
significant active principle of gastric juice, but is found associated with 
other proteolytic enzymes in the digestive glands of some animals, is 
encountered in other tissues, notably the blood and muscles, and occurs 
frequently in plants. 

Purified preparations of pepsin with high enzymic power give an 
analysis of approximately the same composition as white of egg.*48 
Pepsin however cannot be obtained free of mineral matter. Chlorine 
is always present; and although the ash can be reduced to 0.1 per cent., 
iron can always be detected as a constituent. This mineral matter is 
not to be regarded as an impurity; for according to Bertrand oxidases 
are true combinations of manganese with proteolytic substances, and 
according to Lisbonne pancreatic, salivary and vegetable amylases when 
completely free from inorganic substances will not act upon. starch.19 
It is not improbable that iron will be found to represent an indispensable 
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_ element for active pepsin. Pepsin, in common with some other 
enzymes, is quite readily adsorbed by proteins.* This property plays 
an important part in the digestion of proteins, particularly of those 
contained in connective tissue. Other proteins like the casein of milk, 
after separation by coagulation, can adsorb pepsin and carry it into the 
intestine, where its action may continue for some time owing to the 
protection against the alkaline medium afforded by its physical com- 
bination with the protein. Michaelis*®> finds that the capacity of any 
enzyme to be adsorbed depends upon the nature of the medium and the 
chemical nature of the enzyme itself. Pepsin, for example, is thrown 
down by a precipitation of calcium phosphate, produced in the same 
medium with a slightly acid reaction; while trypsin is not so precipi- 
tated. This particular reaction, which it will be remembered also 
interferes with the action of rennin because of its predilection for cal- 
cium, is therefore especially to be avoided in the stomach of the infant. 

Pepsin acts best, as we have seen (p. 715), at an acidity of 0.02 to 
0.06N. The exact acidity however varies with the nature of the pro- 
tein acted upon *°° and the purity of the enzyme, a pepsin of little activity 
requiring a larger quantity of acid than the pepsin of good quality.?%8 

The hydrochloric acid of the stomach enters into a real chemical 
union with the protein to be attacked by pepsin. The protein is 
thereby rendered less stable and the action of pepsin is favored. The 
amount of acid combined depends upon the molecular weight, or 
chemical complexity of the protein molecule; thus: 


1 albumin molecule combines 4 mols. HCl 

1 albumose molecule combines 3 mols. HCl 

1 peptone molecule combines 2 mols. HCl 
Since pepsin acts only upon the acid-protein combination it is 
evident that the amount of acid required will depend upon the amount 
necessary for neutralization. Just as the ptyalin of saliva is protected 
from the acid reaction of the stomach by penetration into the food in 
the process of mastication, so the pepsin is protected from the alkaline 
reaction of the intestine not only by adsorption on the surface of the 
protein, but also by penetration into the mass of the food. Abder- 
tah has found active pepsin throughout the small intestine of the 

og. 

It is generally conceded that pepsin as it exists in the mucous mem- 
brane is not yet ready to act upon protein, and this preliminary state is 
called pepsinogen. According to one view pepsinogen is activated by 
being transformed under the influence of acid into pepsin. According 
to another the preliminary state is pepsin, but it is fixed to the mucous 
membrane by a sort of molecular adhesion. In accordance with this 
view acid is said to act merely to release the pepsin and pass it into 
solution, 

The occurrence of pepsin in the gastric mucosa of the stillborn infant 
-was proved long since by Zweifel and by Hammersten. Later observers 
have experienced no difficulty in obtaining evidence of its action in 
newborn and older infants provided sufficient acid (p. 715) was present. 
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Peptones are easily demonstrated after giving milk but their presence 
might be due to bacteria or, conceivably, they might represent an early 
cleavage product in the process of coagulation (p. 718). Gastric 
juice drawn by stomach tube the first few hours after birth has recently 
been shown!’ to contain both pepsin and hydrochloric acid in sufficient 
concentration to digest fibrin. Stomach contents withdrawn soon after 
a meal of milk may not show any peptic activity,4*! for the reason that 
the free acid has all been tied up by the milk proteins. Withdrawn at 
a later stage of digestion peptic activity may be exhibited without 
addition of acid. Ramsey**® concludes, from an extensive study of the 
subject, that in general it must be conceded that gastric juice in the 
infant is not lacking in pepsin, that in the normal infant it is capable of 
transforming protein into peptone without the addition of acid, and that 
while pepsin may occur at times as in the adult without acid, it is 
readily activated either with lactic acid or hydrochloric. Practically, 
as Davidsohn® points out, lactic acid alone could scarcely ever suffice 
to replace HCl in the infant’s stomach for a concentration of 0.9 
per cent. would be required to produce a reaction of .Coc= 1 %.10E% 
whereas, as Heubner has shown, it rarely reaches a concentration of 
more than 0.1 or 0.2 per cent. 

Are Rennin and Pepsin Identical?—This is a question of considerable 
theoretic interest which may at any moment become of practical 
importance. In favor of identity is the undisputed fact that the two 
enzymes invariably occur together in nature, and the further observa- 
tion, not yet quite conclusively established as a fact, that an anti- 
rennin produced by immunization acts both upon rennin and pepsin. 
If the two properties of coagulation and digestion are in truth proper- 
ties of one and the same substance, this substance can only exhibit its 
two phases under quite different conditions. Thus coagulation takes 
place in a neutral medium and peptonization only in an acid medium. 
In spite of this some investigators go so far as to say that the two 
properties are always exhibited in parallel strengths in different samples 
or kinds of gastric juice. Michaelis*°* made the interesting suggestion 
that pepsin behaves as an anion in weakly acid solutions (C, = 0.001) 
and as a kation in stronger acids. As anion he thinks pepsin has the 
power of coagulation, 7.e., anodic pepsin is rennin; while at higher 
acidities (C, = 0.02 to 0.06) the same substance is kathodic and has 
the digestive action of pepsin. » 

Proponents of the unitary theory cannot see any reason for admit- 
ting the existence of an enzyme like rennin (associated with pepsin), in 
plant juices for example, where it cannot perform any useful function. 
In answer to this line of reasoning it has been argued that the rennin 
may provide for condensation or synthesis of proteolytic products set 
free by the pepsin; and in point of fact Danilewsky® has demonstrated 
that rennin can under certain circumstances perform this very service. 
In such a case it would appear to be a sort of reversed pepsin. 

The material formed by the Danilewsky reaction (rennin acting 
upon peptones) has been called plastein, and it is known from analysis 

Vor, 146 
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of the plastein produced from Witte’s peptone’® that the synthesized | 
product is a very complex substance, approaching the albumins them- 
selves in composition. If rennin were to play this role in the digestion 
of infancy the resulting product might be looked upon as a reserve 
protein different from that from which it was formed, and capable 
of entering into the circulation without the intervention of another 
enzyme, by a slight change in reaction of the medium. a 

It turns out on closer examination that rennin and pepsin in differ- 
ent extracts of gastric mucosa often are not present in equal strength. 
Thus in the gastric mucose of the hog and the calf the following data 
are obtained. 


| Digesting power | Coagulating power 
HIG ahh: kes: oe Belen yee ee res poeta | 1 | 1 
| 9 


Moreover the two enzymes can be separated by chemical means. 
Starting with a maceration of hog’s mucous membrane made in 5 
per cent. NaCl a fairly pure solution of pepsin is obtained. Saturat- 
ing with NaCl causes a precipitation, composed chiefly of rennin, 
which may be eliminated in this manner. Dialysing the filtered liquid 
to remove the excess of NaCl, pepsin may then be precipitated by 
ammonium sulphate. Redissolving in water, dialyzing against 0.2 per 
cent. HCl] a solution rich in pepsin but containing only traces of rennin 
is obtained. 

It appears from this brief discussion that the weight of evidence 
is in favor of the view that rennin and pepsin are distinct and separate 
enzymes. The discovery of one of them wholly independent of the 
other, or the preparation of an anti-rennin or an anti-pepsin which 
would act specifically, will be necessary to place the matter beyond all 
doubt. 

Stomach Lipase——This third enzyme of the infant’s stomach has 
been demonstrated by Sedgwick.*°* Under ordinary circumstances 
when lipase is found in the stomach it is accounted for by regurgitation 
of duodenal contents (p. 712), and the well-known methods of Volhard 
of securing duodenal fluid by introduction of oil into the empty 
stomach is predicated upon this mechanism. Probably even in the 
infant too occurence of pancreatic lipase in the stomach is not infre- 
quent. But Ibrahim?!’ maintains that regurgitation cannot be induced 
by the Volhard method, and both Sedgwick and Ibrahim found indubi- 
table evidence of lipolytic activity in extracts made from the gastric 
mucosa taken at or near birth, under circumstances which precluded 
admixture of the pancreatic secretion. * 

* The failure of other authors to obtain Satisfactory evidence that lipase is 


produced by the stomach cannot be explained in every case. Engel’s!!> negative 
results on an infant with pyloric stenosis and a high jejunostomy, so that stomach 
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Gastric lipase, it appears, has somewhat different properties from 
pancreatic lipase. It acts vigorously only upon emulsified fat like 
the fat of milk, and it prefers a more acid medium. The optimal 
reaction with pancreatic lipase of the infant obtained by means of the 
duodenal sound of Hess, according to Davidsohn,®? was C, = 3.2 < 
10~° or px = 8.5; while lipase obtained from the stomach contents 
withdrawn three-quarters of an hour after a meal of 100 gm. barley 
gruel acted most vigorously on tributyrin at C, = 10-4 or 10-° or 
De = 4:or!: 

Sedgwick estimates that 25 per cent. of the fat of milk may be split 
by the stomach lipase. 

- Summary of Gastric Digestion in the Infant—We are now in 
position to recapitulate briefly the events of digestion in the stomach 
of the infant. Milk mixed with more or less saliva enters the stomach. 
The degree of dilution (of cow’s milk) previous to feeding or by admix- 
ture of saliva will determine the character of the clot formed. Cow’s 
milk coagulates more rapidly and firmly even after modification than 
does mother’s milk. This is due in part to the greater proportion 
of albumin to casein in mother’s milk and in part to the more favorable 
salt content of cow’s milk. 

HCl of the gastric juice is bound by the casein more rapidly before 
it is thrown down than afterward, hence other things equal, more 
HCl will be bound by mother’s milk than by cow’s milk. Saliva 
appears to favor the penetration of the clot by hydrochloric acid and 
the consequent formation of acid-albuminate.? 

Interesting observations have been reported by Gaucher?48 on the 
adaptation of gastric juice to the kind of food taken. Artificially fed 
infants produced more gastric juice in proportion to the amount of 
milk taken than did breast-fed infants. The stomach contents evacu- 
ated one-fourth hour after feeding showed important differences as 
regards their ability to coagulate milk. That from breast-fed infants 
coagulated woman’s milk instantly and at 37 degrees digested the 
casein in two hours. On cow’s milk it acted much more slowly, 
coagulating in 30 minutes and requiring several hours for digestion. 
Contents from artificially fed infants coagulated cow’s milk in two to 
three minutes but required 20 to 30 minutes to coagulate woman’s 
milk. 

Slow coagulation is much more favorable to digestion than rapid, 
because on the one hand the clot is looser, thereby permitting better 
penetration of the gastric juice, and on the other the whey is expressed 
more slowly and thus interferes less, either on account of salt content 
or fluid, with the digestive juices. Digestion of protein in the stomach 
does not ordinarily proceed farther than the albumose or peptone 


contents should have been readily available, may be due to the fact that he pre- 
served the contents with toluol and may thereby have destroyed the enzyme which 
is known to be very sensitive to this reagent. The negative results of Rietschel ‘ee & 
in his experiments on the young pig, and by London and his collaborators with 
fistulous dogs, may be due to physiological peculiarities of these species. 
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stage. In fact as we have seen, milk often goes directly into the 
intestine without stopping in the stomach. E. Hess’? alludes to the 
fact that in the nursing infant it is the early milk from the breast 
running low in fat (1.0 per cent.) which thus passes by the stomach 
unchanged, but that the later milk, running up to 6 or 7 per cent. 
fat, is arrested by the stomach. a : 
The importance of inorganic constituents of the milk in digestion 
may be illustrated by the following facts: Stomach lipase works much 
better in human milk whey than in cow’s milk whey. Adding tribu- 
tyrin to whey which had been heated previously to destroy the ferments 
native in milk and supplying lipase from the pure gastric juice of the 
infant, Davidsohn®? found that digestion went on rapidly in human 
whey but scarcely progressed at all in cow’s whey. The explanation 
is found in the composition of the salts present. The following table 
gives the concentration of the principal kations and anions in (1) 
mother’s milk and (2) cow’s milk diluted 5.84 times, after Friedenthal.'*? 


CONCENTRATION OF IONS IN: 


WHOLE MOTHER’S MILK AND Cow’s MILK X 5.84 
K+ = 8.9 <x 10% K+ =6.5 xX 10-3 
Na+ = 5.8 xX 103 Na+ =5.5 X 10-3 
Wikaa aerilgies Seale Mit, = late eles 
Caz = 5.09 X 10-3 Cat = 5.09 X 1073 
Cl— = 12.4 x 10-3 Cl— = 6.62 5¢ 1058 
POG i= 2. SGlOs PO,.= = 2.3 X10° 
Rest Ci= = 2.7 X 1073 Rest Ci= = 4.2 X 1073 


Making calcium and magnesium equal in the two milks as can be 
done by this dilution of cow’s milk leaves it plainly deficient in potas- 
sium, sodium, chlorine and phosphate and still redundant in the citrate 
residue. In short, according to this author, there is no simple dilution 
which will make cow’s milk the equivalent of mother’s milk in all the 
inorganic constituents. It may be supposed that when milk salt supple- - 
ments are added, as Friedenthal recommends, the lipolytic activity 
would be the same in the two milks. It should be borne in mind that 
human milk itself contains an active lipase* and with the stomach 
lipase a very lively lipolysis may take place in breast feeding, so that 
one-quarter or more of the entire fat of the milk may be split up before 
the food leaves the stomach. The fatty acids set free, according to 
Sedgwick, may contribute very materially to the total acidity of the 
stomach. 

In spite of this high total acidity, however, the hydrogen-ion con- 
centration of the infant’s stomach is not high enough to furnish the 
best medium for pepsin until the stomach is nearly empty. At one 
hour after feeding the highest Cy found in one series®! was 3.9 X 10-8. 
At two hours 5.6 X 10-°. The lowest C, at which pepsin exercises its 
gelatinizing effect upon protein is 1.4 X 10-3. 

*Davidsohn®* has based a differential test for human milk on this property. 
Adding a drop or two of tributyrin to 5 or 10 c.c. of the suspected milk in a test 


tube and holding the tube in the hand for a few moments for warmth, if it is 
unheated human milk a distinct odor of butyric acid will be detected upon shaking. 
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Lactose and the inorganic constituents of milk are the first to become 
available for absorption; for they are free to pass out of the stomach in 
the whey if they have not already reached the intestine in the unchanged 
milk. When the stomach has changed the milk as much as it is capable 
of doing, it passes on to the intestine the following products: Casein 
and albumin unchanged, caseinate and albuminate, albumoses and 
peptones; fat unchanged, fatty acids and glycerin, some calcium soaps 
(2); lactose; inorganic salts, 

The digestive fluid which meets these products as they issue from 
the stomach is a mixture from at least three distinct secretory struc- 
tures; namely, the pancreas, the intestinal mucosa and thé liver. It is 
possible that a distinction should be made also between the glands of 
Brunner which in man are found only in the superior division*®! of the 
duodenum, 7.e., above the point of entrance of the hepatic and pan- 
creatic ducts, and the crypts of Lieberkiihn, These secretions act 
simultaneously upon the chyme, but it will be necessary to describe 
their effects separately. 

Secretion and Properties of the Pancreatic Juice.—The secretion 
of the pancreas collected from a clean fistula is a clear, opalescent 
fluid whose composition both in concentration of active ferments and 
in the ash constituents varies with the time of secretion, just as the 
composition of mammary secretion varies with the condition of the 
gland at time of milking. In fact the composition of any secretion 
depends upon the state of recovery from previous action of the gland 
in question, at the time the product is obtained, 

Pancreatic juice freshly drawn is always alkaline with sodium car- 
bonate. In the dog the alkalinity very nearly balances the acidity of 
the gastric juice and in terms of Na amounts to about 0.3 per cent. 
Pure appetite gastric juice however, as we have seen (p. 712), contains 
practically 0.5 per cent. HCl and it has been shown recently by Mc- 
Clendon”* that the intestinal contents of the dog are normally acid in 
the upper part, becoming actually alkaline only near the cecum. The 


reaction seems to depend upon the rapidity with which COs, set free by. 


interaction of the HCl of the gastric juice and the NasCO; of the duo- 
denal fluid, is absorbed. The ultimate cleavage products of proteins 
(amino-acids) and fats (fatty acids) and any products of fermentation 
of carbohydrates would contribute to the acidity of the contents, but 
according to McClendon?8"¢ and his coworkers all these are absorbed so 
rapidly that they scarcely have time to affect the reaction. The slight 
tendency toward acid reaction through the greater part of the intestine 
therefore is probably due merely to the fact that the secretion of acid 
by the stomach is not quite balanced by the secretion of alkali by the 
intestine and accessory structures. The binding of this alkali and its 
absorption as soap would likewise contribute to the acidity. 

The pancreatic enzymes are present in that organ some months 
before birth.”!* There are at least four of these enzymes: trypsin 
(trypsinogen), pancreatic lipase (steapsin), amylase (amylopsin), and 
maltase. Pancreatic juice also coagulates milk, but whether this 
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reaction is due to a separate enzyme turns upon considerations similar 
to those which apply in the case of gastric rennin (p. 721). Some 
observers have described lactase as a constituent of pancreatic juice, 
but the best authorities‘!! on pancreatic secretion deny it a place. 

All of these enzymes, it might be expected, would be present at 
birth, and the careful research of A. F, Hess!*° upon duodenal contents 
obtained by means of the doudenal catheter have justified this expec- 
tation. In this study a number of newborn infants were examined 
before they were put to the breast. Duodenal contents formed with- 
out the stimulus of food to incite secretion were obtained in sufficient 
quantity to test for at least one enzyme in each case. The three main 
enzymes were found. In older infants a month or more of age suffi- 
cient contents could be obtained to test for all three of the enzymes. 
Amylase was found in increasing amount the older the infant, even 
though no starch had been fed. 

Secretory Mechanism of the Pancreas.—Pancreatic juice is produced 
in answer to the stimulus of the acid gastric contents acting upon the 
duodenal mucosa. It can be produced however, as Pawlow showed, by 
stimulation of the cut vagus after the cardiac inhibitory fibers have had 
time to degenerate, and at times by stimulation of the splanchnics. 
Just as in the stomach, a secretion may be called forth from the pan- 
creas by stimulation of the intestinal wall after all nervous connections 
therewith have been severed.**? Through the well-known work of 
Bayliss and Starling*? it turns out that this effect is produced by way of 
the blood through the agency of a special substance, which they named 
secretin, dissolved from the mucous membrane of the intestine by the 
acid. Many kinds of acid, both organic and inorganic, strong enough 
to effect the solution of prosecretin and change it to secretin are able to 
mediate the action, and the effect is proportional up to a certain point 
to the H-ion concentration. A matter of some importance in the feed- 
ing of infants is the fact brought out by Popielski**¢ that when protein 
of the food (milk) ties up the acid of the gastric juice to a considerable 
extent the effectiveness of the stimulus for the production of pancreatic 
juice is thereby reduced. An illustration is the complete binding of an 
n/10 sol. of HCl by a 12.5 per cent. solution of Witte’s peptone so that 
no free ions could be demonstrated with tropedlin, Congo red or 
diamidoazobenzol. However, the acid was not in this case rendered 
wholly ineffective as a pancreatic stimulus, for the material binding it, 
according to Popielski, is itself a pancreatic sitmulant. Moreover, 
amino-acids acting purely by their acidity may augment the secre- 
tion,'*? and both lactose and sucrose appear to enhance the effectiveness 
of acid.‘ Injection of neutral oil into the intestine likewise calls out a 
flow of pancreatic juice, but the exact mechanism of this reaction is not 
understood. The unchanged fat of milk would thus reinforce the 
stimulating effect of all the acid bodies contained in the chyme. It 
should be emphasized that the production of pancreatic juice in its 
quantitative relations is regulated by a mechanism which works in the 
interest of the acid-base balance both in the intestinal tract and in the 
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blood. Secretin produced by acid is carried by the blood stream to the 
pancreas and excites the production of an alkaline secretion. But as 
soon as enough alkali has been received in the intestine to neutralize 
the acid not already bound by protein the production of secretin stops. 
More acid from the stomach produces more secretin and so on. 
It may be inferred that excessive acid will produce excessive stimu- 
lation of the pancreas, but this is not likely to happen in the infant 
because of the binding property of the milk proteins. 

Alkali in the stomach suppresses the secretion of pancreatic juice by 
removal of its naturalstimulus. Alkali placed directly in the duodenum 
does the same. But alkali injected into the blood stream, it appears, 
increases*®? the secretion of pancreatic juice, those basic elements which 
are difficultly soluble, like calcium, having a much more prolonged 
effect than the more soluble bases, like sodium and potassium. The 
action of calcium may be explained by the observation of Hustin214 
that an excised, surviving pancreas will produce its external secretion 
only when it is perfused with secretin added to blood and that this com- 

. bination is without effect if the calcium of the blood is first precipitated 
with oxalate. Extra calcium either prepares the gland for the action 
of secretin, or has an extraordinary activating effect upon the secretin 
already present. 

Qualitative and Quantitative Effects of Food—Several members of 
the Pavloff school, notably Walther**’ and Wassilieff,4°* have claimed a 
qualitative effect of food upon the pancreatic secretion, a diet rich in 
carbohydrate producing a juice having a more abundant or a more 
active amylase and a fatty diet producing more lipase or at least a more 
active lipolysis in the current product. This claim as it relates to 
animals, chiefly the dog, has not been sustained by later work; and 
Hess'*° has observed that infants fed on skimmed milk may have in the 
duodenal juice a lipase of greater activity than others fed on 2 or 3 per 
cent. fat. Nor was he able to find any parallelism between the protein 
or starch of the food and the respective amounts of trypsin and amylase 
in the duodenal fluid. Hess points out that according to the Pavloff’s?48 
teaching an infant fed exclusively on milk should have no amylase in 
the pancreas, whereas the fact, it is well known, is quite otherwise. 
While it may be objected that the method employed by Hess is not at 
all comparable with the technique employed with dogs, where a fistula 
is made directly into the pancreatic duct, thus rendering possible obser- 
vations upon the amount of secretion produced by different foods, as 
well as qualitative observations upon the pancreatic juice alone, the 
rejoinder obviously would be that any regulating mechanism which did 
not produce qualitative effects in the mixed duodenal fluid would be - 
of small consequence in digestion. 

It must be remembered that most of the information we now have 
regarding the pancreatic juice has been gained from animals with 
artificial fistule. Very rarely has opportunity offered of securing 
unmixed pancreatic juice in man, and never, so far as known to the 
writer, in the infant. Until the duodenal catheter was introduced 
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by Einhorn, Gross, Rehfuss and others and adapted to the infant by 
Hess the only recourse for studying pancreatic efficiency was the search 
for enzymes in the stools. Uncorroborated, this method was and is 
very unsatisfactory; for many factors intervene between the entrance 
of the enzyme upon the scene of action and its.exit, any one of which 
might render the results quite worthless. It happens that one series 
of observations upon the stools of infants with various types of 
digestive disturbances'* has given results essentially the same as those 
obtained by Hess!** by means of the direct examination of duodenal con- 
tents; namely, that in neither acute nor chronic disturbance is there 
failure of any pancreatic enzyme, save lipase, and this deficiency occurs 
only in acute intestinal intoxication. The duodenal examination, 
needless to say, is the more convincing. 

Enzymes of the Pancreatic Juice. Trypsin.—This most energetic 
of the digestive enzymes was first definitely isolated from the other 
enzymes of the pancreatic secretion by Danilewsky*® in 1862; but its 
chemical differentiation from pepsin and its name are due to Kiihne.248 
In general this difference consists only: (1) in the greater rapidity and 
more deep-seated cleavage of the protein molecule; and (2) in the lower 
H-ion concentration at which its best work is done. The early stages 
of tryptic action are said to be best accomplished in a slightly alkaline 
medium, but the later stages at a reaction which is nearly neutral. 
Thus Fernbach and Schoen!!® working with fibrin and employing 
mono- and di-potassium phosphates for controlling the reaction 
found that under the influence of the di-potassium salt which is alkaline 
to methyl orange a greater dissolving action was obtained ; but under 
the mono-salt, which is neutral to the same indicator, the percentage of 
protein reaching the amino-acid stage was greater. 

The optimum reaction for the cleavage of casein by trypsin is not 
exactly the same as the optimum reaction for fibrin. On the latter 
it acts most energetically between Cy = 10-8 and 5 X 10~°, while upon 
casein it produced the greatest effect between 3 X 10-8 and 5 er 1 Gases 
Since there is great reason to believe that trypsin unites with the 
protein upon which it acts, it has been suggested that the preliminary 
union of protein and enzyme is sensitive to the reaction rather than 
the integrity of the enzyme itself. 

It is well known that pancreatic juice drawn from the duct itself 
does not as a rule contain an active trypsin, and that another enzyme, 
enterokinase, secreted by the intestinal mucosa constitutes, ordinarily, 
the activating agency. Enterokinase is present at birth and has been 
traced back in fetal life to the age of six months.2!8 Trypsinogen 
can be changed to trypsin, however, by a variety of substances. Entero- 
kinase is produced by leucocytes and lymphatic glands as well as by 
intestinal epithelium. It is found in the venom of serpents, in mush- 
rooms and in bacteria. An inactive pancreatic juice inoculated with 
Bacillus mensentericus or B. subtilis very quickly acquires a marked 
proteolytic activity. Finally, of the organic sources milk has been 
found to contain a substance, very similar to enterokinase and 
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called lactokinase,?° which can activate trypsinogen. Whether this 
activator is present in milk after it has been mixed with gastric juice 
or coagulated by rennin is not known. 

It is a curious fact that trypsinogen can be activated also by 
mineral salts, the most effective of which is calcium chloride. This 
reaction has been studied exhaustively by Delezenne®? and by Zunz472 
and many details have been learned, but the mechanism of the action 
is not fully understood. According to Mellanby and Wooley,?® the 
calcium effect is due merely to the development of a suitable H-ion 
concentration for the enterokinase which is already present in the 
pancreatic juice. However this may be, it is worthy of note that 
calcium is present in sufficient concentration in milk, even in mother’s 
milk, to be of some effect should this form of activation ever be neces- 
sary in tryptic digestion. 

The digestion of protein by trypsin is rapid compared with peptic 
digestion, and amino-acids may be found under favorable circumstances 
within an hour even in vitro. The proteins of mother’s milk as well 
as of cow’s milk are completely disintegrated in the intestine of the 
infant, none of it so far as known being normally absorbed in the form 
of anything else than amino-acids. 

When a protein like casein or lactalbumin is subjected for a long 
time (e.g., a month) to tryptic digestion in vitro, the digest examined 
from time to time will disclose an irregular progress from split-products 
of high molecular weight to those of low molecular weight. For 
example, peptones may be abundant early, proceed to a maximum in 
a few days only to fall off later to a smaller percentage and to rise 
once more to a second maximum. In other words, there are oscilla- 
tions in the formation of peptones instead of a regular linear progres- 
sion, as under peptic digestion. The explanation is that peptones 
and even albumoses after once being broken down may be reformed 
by synthesis of smaller proteolytic cleavage products. Such resyn- 
thesis of higher proteins may often be signalized by the appearance 
of a turbidity which itself fluctuates in intensity and finally disappears 
as the proteoclastic reaction gains the upper hand. This reversibility 
of enzyme action is a most important property upon which the forma- 
tion of new tissue proteins and the consequent growth of the child 
depend (p. 789). 

Amylase (Amylopsin).—This enzyme was found by Ibrahim in the 
pancreas of the fetus at six months and by Moro*? in the pancreas 
of the newborn child. As already noted, it was identified by A. F. 
Hess in the duodenal juice of the infant a few hours after birth and 
before any food had been given. It has recently been found in the 
meconium,'*’* though in limited concentration. According to both 
Moro and Hess there is a rapid increase in the amylolytic power of the 
pancreatic diastase during the first week of life and at one month, as 
Jacobi and Heubner held, the infant is capable of handling perfectly 
a small quantity of starch (1 per cent.).. Cohnheim”’ has suggested 
that since enzymes are known to be reversible, perhaps in the fetus the 
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pancreatic diastase may have something to do with the formation of 
glycogen. This may be its significance also in the newborn. Pan- 
creatic amylase splits starch more rapidly than does ptyalin. Natu- 
rally the speed of hydrolysis will depend upon the preparation of the 
starch by cooking; but the pancreatic enzyme is capable of attacking 
even uncooked starch2*? and of reducing it to maltose if the amount is 
not so great as to be overwhelming. Digestion runs exactly the same 
course under pancreatic amylase as under ptyalin, the only difference 
being one of speed. The intermediate stages whether of cooked or 
uncooked starch are: Erythro-dextrin, achréo-dextrin, maltose. Pan- 
creatic juice supplies an additional enzyme maltase to complete the 
conversion to glucose. 

Pozerki*®*® has observed that the amylolytic power of pancreatic 
juice diminishes rapidly in the presence of active trypsin, although it is 
preserved at full intensity so long as the juice has not been activated. 
Calcium chloride activation as well as the more usual kinase activation 
has the same effect. Singularly enough, however, a juice which is 
actively digesting a protein retains its full amylolytic power and it has 
been shown by Terroine and Weill*?® that this activation of amylase 
is due to the presence of amino-acids, especially to glycin, alanin, valin, 
leucin, phenylalanin, tyrosin, aspartic acid, arginin, histidin and others. 
It appears from this list that the mono- and di-carboxylic acids and 
the mono- and di-amino-acids all are effective. The original observa- 
tion of Keller that the presence of carbohydrate facilitates the diges- 
tion of protein can therefore be completed by the converse statement 
that the presence of proteolytic products facilitates the digestion of 
starch. In other words the advantage seems to be reciprocal. A 
very slight concentration of amino-acids—e.g., 149,000 to $400,000 of 
glycin—seems to be sufficient and a concentration of 149,999 produces 
a rate of saccharification 30 to 40 times as great as the pancreatic juice 
alone. But this is not all. Pancreatic amylase can be activated also 
by saliva in which the ptyalin has been destroyed by the gastric juice . 
or by neutralized gastric juice in which no saliva is present.?79 In 
either case the effect may be due to amino acids formed by the action 
of trypsin upon the proteins (pepsin) of gastric juice. These facts 
only reinforce the conviction which has grown with the progress of 
science in this field; namely, that the interdependence of the digestive 
glands is of profound importance. Even the small amount of saliva 
produced by the new-born plays a useful part in the coagulation of 
milk in the stomach. When starch is fed it would seem from what 
has just been said to be particularly important that it be mixed well 
with saliva not merely for the sake of the small amount of digestion 
under the influence of ptyalin which it will undergo in the stomach, 
but also for the activation of amylase in the intestine. It is an old 
idea in physiology, but one which may have its usefulness even in 
infant feeding, that only as much starch should be eaten as the subject 


can thoroughly insalivate. Naturally in the nursling this amount will 
always be very small.125 
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Lipase (Steapsin) —This enzyme which has been found in the pan- 
creas of “fairly young fetuses” and in the duodenal fluid at birth has the 
Same properties as gastric lipase except that it hydrolyzes fat more 
rapidly in a slightly alkaline or neutral medium (p. 723). Like pancre- 
atic amylase it seems to be very sensitive to the presence of active 
trypsin—which probably means that as a protein it is digested and 
destroyed by trypsin.'% If other proteins are present upon whieh 
trypsin can exert its full activity lipase is not destroyed, but like amy- 
lase is rendered more active by the products of proteolysis. The 
action of pancreatic lipase like that of gastric lipase is greater in 
the whey of-human milk than in that of cow’s milk. 

Adding bile to pancreatic juice increases its lipolytic activity three 
or fourfold.*?? This is believed to be due to an activating substance 
which rapidly transforms the zymogen stage, steapsinogen, into the 
effective lipase. Unlike trypsin, however, a certain amount of the 
active steapsin exists in the perfectly fresh juice or in pancreatic extract. 
As between the lipase of the stomach and that of the pancreas the 
former is relatively more important in infancy and the latter in older 
children and adults; for the fat of milk is already emulsified while the 
fat of solid food is not emulsified until it reaches the intestine. 

Maliase——Ibrahim reports maltase but no other inverting enzyme 
as present in the pancreas of infants dying soon after birth. Its only 
function is to split maltose, a disaccharide resulting from the digestion 
of starch, into two molecules of glucose the sugar of the blood. It 
can be of no significance until starch becomes a component of the diet. 

Nuclease.—This name was originated by Iwanoff?!4 for an enzyme 
capable of splitting and dissolving a nuclein. These bodies set free 
from nucleo-proteins by pepsin, it is claimed*** are precipitated by the 
acid reaction of the stomach, but are attacked by the alkaline 
pancreatic juice and are soon resolved into their component parts, pro- 
tein (thence peptones etc.) and nucleic acid. Schittenhelm found that 
pancreatic juice could split thymo-nuclein into a protein and thymo- 
nucleic acid which latter became non-gelatinizing, soluble and diffusible. 
Purin bases also appeared; but according to Kutscher?®® these may be 
due to self digestion of the pancreatic juice. Purin bases may be demon- 
strated after acid hydrolysis of the colonic contents in milk-fed infants 
but the exact source of the nuclein from which they are produced is 
not known. 

The casein of milk is in reality a para-nucleo-protein or nucleo-al- 
bumin. Itis split by pepsin or trypsin into albumin and a para-nuclein 
which differs from an ordinary nuclein by the fact that it yields on hy- 
drolysis only phosphoric acid and albumin, but never purin bases. 
It has never been proved that hydrolysis proceeds so far as to yield free 
phosphoric acid in the intestine of the infant. Indeed it is believed 
that the para-nucleic acid is absorbed as such and constitutes an 
important building stone for synthesis of new body proteins (p. 789). 

- Intestinal Juice.—The intestine is the real seat of digestion. 
What takes place in the stomach is largely preliminary. Moreover, 
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it is reserved for the wall of the intestine itself to produce the enzymes: 
which complete the processes of digestion. Notably of this class are 
maltase which completes the digestion of starch to monosaccharide, 
and erepsin which attacks the peptones and polypeptids left by the 
action of trypsin. Of the same order with maltase are invertase which 
splits cane sugar into glucose and fructose, and lactase which splits 
milk sugar into glucose and galactose. A trace of amylase which may 
be found along with maltase in the secretion of an isolated loop, and ~ 
enterokinase, which has been discussed on p. 728, complete the list. 

It is interesting to note that normal intestinal juice differs in its 
content of enzymes from a maceration juice made from the mucous 
membrane. In the former are found enterokinase, erepsin, amylase 
and maltase; in the latter invertase and lactase, in addition to the 
other four. 

Secretory Mechanism.—Secretory fibers for the duodenum have 
never been found in the vagus, although a ‘paralytic secretion’’**® is 
produced in a quite similar manner to the corresponding phenomenon 
in the salivary glands when all the nerves supplying a segment of the 
intestine are severed. The mucous membrane responds to mechanical 
stimulation,**! but chemical stimulants (secretogogues) are much more 
efficacious. According to Frouin!*® the hydrochloric acid of the 
stomach, soaps, ether and chloral produce active secretion both 
in the same segment (Thiry fistula) and in non-adjacent segments not 
directly touched by the reagent. It is probable that some sort of secre- 
tin is involved in this reaction, although the experimental elucidation 
of the problem is beset with many difficulties on account of the capacity 
of the intestinal wall to resorb as well as to secrete fluid. Frouin 
finds that the upper part of the duodenum secretes three times as 
much juice per unit of length to a given dose of exciting agent as the 
lower part and the power of secretion diminishes still further in the 
jejunum. When the secretion is permitted to discharge to the exterior 
the secretory activity rapidly diminishes but when it is reinjected into 
the animal activity is revived. These facts speak strongly for a secre- 
tin which is continuously ‘‘circulated”’ after the manner of bile salts. 

Enzymes of the Intestinal Juice. Hnterokinase——This is, so far 
as we know, the only instance of an enzyme which acts upon another 
enzyme to render the second active. It has already been discussed in 
relation to its action on trypsinogen (p. 728). 

EHrepsin.—The disappearance of peptone when it comes in contact. 
with the intestinal wall was for a long time thought to be due to 
synthesis back to albumin. In 1899, however, Caparelli® attributed 
this disappearance to an enzyme, and in 1901 Cohnheim’® proved 
it, naming the enzyme erepsin. We now know that erepsins occur 
in practically all organs of the body as well as in plants. 

The peculiarity of erepsin is that with a single exception (casein) 
it cannot, like pepsin and trypsin, act upon albumin or albumoses. It 
may be distinguished from trypsin by adding blood serum to a mixture 
of the two, Serum contains an anti-trypsin which will effectually 
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stop the action of trypsin but will not interfere with erepsin. If 
pepsin and trypsin are allowed to act simultaneously on two different 
samples of the same protein it will be found at any given stage (after a 
few hours) that the average molecular weight in the tryptic digest is 
considerably lower than with pepsin. If phosphotungstic acid is used 
it will be found that a considerably larger fraction of the total nitrogen 
occurs in the filtrate after trypsin than after pepsin. Most of the 
bodies non-precipitable by phosphotungstiec are amino-acids, but a 
portion of them are compounds which cannot be further broken down 
by trypsin much less by pepsin. Erepsin, however, can attack these 
compounds and reduce them all ultimately to amino-acids.* 

It is interesting to know that each succeeding enzyme of the proteo- 
lytic series can destroy the one before it, but cannot be destroyed 
by its predecessor. Thus Harley!”? has shown that trypsin even in 
a slightly acid medium can very materially weaken or indeed entirely 
arrest the action of pepsin upon fibrin, while pepsin exerts no action 
whatsoever upon trypsin. Likewise Effront!°? has shown that erepsin 
in the same digest with trypsin very markedly weakens its action. It 
is in each case the more active enzyme which destroys the less active. 
Pepsin is digested by trypsin and thereby destroyed and trypsin in its 
turn yields to erepsin.t 

Amylase and Maltase-——The action of these enzymes of the intes- 
tinal juice cannot be distinguished from that of the corresponding 
enzymes furnished by the pancreas. The only reason for making 
separate mention of them here is to indicate the rational feeding which 
might be resorted to in the very rare cases of obliteration or stenosis 
of the pancreatic duct. In the infant all of the food stuffs could be 
acted upon to an appreciable extent without the aid of the pancreas. 
It is even claimed by some*? that digestion of fat in the intestine is 
possible without either pancreatic juice or bile. Certainly there would 
be no reason for withholding either carbohydrates or proteins and a 
fairly good utilization might be established if care were taken to replace 
the alkali missing for want of pancreatic juice. 

Invertase and Lactase——These two inverting enzymes of exactly 
similar nature may be discussed together. Both are found in the 
intestinal wall itself, and both from birth®®” act upon disaccharides 
each of which yields one molecule of glucose and one of a different 
monosaccharide. Cane sugar is rarely if ever absorbed unchanged. 
Invertase which splits it into glucose and fructose is found more 
abundantly in the extract of intestinal mucosa than in the secretion 
and more abundantly in the upper part of the intestine (duodenum, 
jejunum) than in the ileum.?”° It follows that cane sugar is broken 

* Cohnheim has shown that of the total N in syntonin, 29.9 per cent. is pre- 
cipitable by phosphotungstic acid after digestion with pepsin and erepsin, while 
27.14 per cent., after acid hydrolysis, consists of arginin, lysin, histidin, etc., like- 
wise precipitable. by phosphotungstic. 

7 It is for reasons which will appear obvious from this discussion that the 
quantitative examination of infants’ stools for enzymes is fraught with so much 
uncertainty, 
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up in the very act of its absorption and is absorbed very soon after 
leaving the stomach. Invertase is certainly one of the most invariable 
enzymes of the intestinal tract, being always present in the intestinal 
lining of mammal at births, and can often be found in the fetus when 
all other enzymes are lacking.”” Lactose is never found outside of 
the class of mammals, and in these only so long as they are fed on 
milk. After the disappearance of the enzyme it may be brought 
back by renewal of a milk diet, or any other containing milk sugar. 
Pautz and Vogel*** state that lactase occurs in abundance only in 
the jejunum. ’ 

Bile.—The third fluid of the intestine represents in part a secretion 
and in part an excretion. Judging by the relative size of the liver 
in the infant as compared with the adult this organ is one of special 
importance in early life. It is probable, however, that this concerns 
the metabolism of food beyond the alimentary wall rather than its 
' digestion. In the latter function the bile plays the same part as in 
the adult; namely, (1) it aids enzyme action in the case of lipase (p. 731); 
(2) it aids the formation of an emulsion by diminishing the surface 
tension between fat and water; (3) it furnishes alkali (Na) for the for- 
mation of soaps; (4) it dissolves the higher fatty acids which are insolu- 
ble in the other juices of the intestine, as they are set free, and does the 
same to some extent for otherwise insoluble soaps. 

‘In the opinion of Pavloff*** there are only two substances which 
stimulate the secretion of bile upon contact with the intestinal lining; 
namely, fat and albumose. The effectiveness of fat as a stimulant 
to biliary secretion is readily understood since the discovery by 
Moore and Rockwood? that in the presence of sodium soap bile can 
dissolve free fatty acids very readily. The significance of bile for 
protein digestion has been variously interpreted. One view is based 
upon the observation, which is readily made in dogs with duodenal 
fistule, that bile salts in the presence of hydrochloric acid form an in- 
soluble precipitate with the albumins or albumoses of the chyme. 
This precipitate or curd is redissolved as soon as the reaction becomes 
neutral or alkaline. Since precipitation splits off any pepsin which 
may be linked to the protein it has been argued that bile seems to 
carry the protein over from the peptic sphere of influence and to 
deliver it to the tryptic mandate. Another view has been that by 
means of this precipitation proteins not yet sufficiently reduced by 
digestion are prevented from being absorbed, Possibly phenomena 
of food allergy in children are associated with a deficiency of bile. 

Physico-chemical Factors.—The absorption of food is one of 
the functions which can be explained in part by the laws of physical 
chemistry. Water, for example, will pass from the intestinal tract 
into the blood stream in obedience to the osmotic pressure of the 
electrolytes and non-electrolytes of the blood plasma, just as water 
will pass in the reverse direction when the intestine contains a hyper- 
tonic solution of magnesium sulphate. According to the latest ideas 
regarding osmosis”®* there seem to be at least three factors involved 
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whatever the nature of the membrane across which the molecular 
forces operate: (1) the attraction of the membrane for the solvent, 
determining its imbibition; (2) the presence of solutes affecting this 
imbibition; and (3) the mutual attraction between solute and solvent. 
Assuming for any given system that (2) and (3) are constant, osmosis 
would then depend upon the imbibition of the membrane, and if this 
is different on the two sides of the membrane, the movement of liquid 
would be forced in one direction. Now one effect of imbibition is to 
alter the size of the pores and it has been shown that enlargement of 
the pores can change positive into negative osmose, 7.e., toward the 
acid side. If a membrane separate. two fluids one of which is more 
acid than the other, this one will be electronegative and the osmosis 
should be in that direction, since electro-endosmosis is usually toward 
the negative pole. This view harmonizes with the fact that osmosis 
in the stomach is from the blood which is alkaline ; while in the intestine 
it is toward the blood which is more acid than the intestinal contents. 
The acidity of the stomach then explains the fact that very little if 
any absorption of food takes place from that organ, while the change 
to alkali in the intestine accounts for absorption there. The writer 20 
has’shown in a series of experiments published as yet only in prelimi- 
nary form that when two loops of the intestine of equal length are 
filled with a solution (about 2 per cent.) of glucose, one of the loops 
containing 0.3 per cent. NasCO; and the other an equivalent amount 
of HCl, the greater absorption always occurs from the alkaline loop, 
no difference where it is located. Hamburger, Girard, Flusin and 
several other students of bioelectric phenomena believe that all such 
absorption activities, even those of hypertonic solution, can be ex- 
plained by physico-chemical laws. Others, like Cohnheim, are equally 
positive in their belief that a selective or “vital” activity is necessary 
to supplement the explanation. Cohnheim” studied comparatively 
the absorption of grape sugar from serous cavities and from the intes- 
tine. In the former not especially constructed for absorption there 
was an interchange by diffusion between the sugar solution and the 
blood. Sugar passed, from the serous cavity into the blood stream, 
while sodium chloride and carbonate with some protein as well passed 
thence into the serous cavity. Besides this there was a diminution 
of the fluid by a process which could not be called diffusion because 
it was stopped by the action of poisons like sodium fluoride as soon 
as the membrane was dead. In the mammalian intestine what 
happened was quite different: (1) absorption was much more rapid; 
(2) diffusion of sugar was not independent of the movement of fluid, | 
but solvent and solute moved as if chained together; (3) constituents 

of the blood passed over into the intestinal cavity only to a very 
slight extent. In other words, the movement was wholly unidirec- 
tional. Salt and other readily absorbed material can pass readily 
from lumenal to serous side but not from serous to lumenal side. 
These phenomena depend upon two distinct properties of the intestinal 
wall: (1) unilateral impermeability and (2) the capacity to transport 
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water with its solutes from intestine to blood independently of osmotic 
pressure. Weak fluoride solution abolishes the latter property without 
injury to the other while weak arsenic solution does just the reverse. 
Cohnheim expressed the opinion that the resistance to outward diffu- 
sion is a property of the capillary endothelium and the absorption 
proper one which belongs to the intestinal epithelium. 

It may be admitted frankly that there is much about absorption 
and secretion and other kindred phenomena concerned in the metabo- 
lism of food that cannot yet be reduced to physico-chemical laws; 
but this is no ground for discouragement of the belief that they will 
be so explained in time. It is less than a century since the digestion 
of food was a complete mystery. Digestion and absorption go on 
simultaneously throughout the alimentary tract; for even in the 
stomach, where but little absorption of food occurs, absorption of 
the gastrin is necessary to insure the continuous progress of digestion. 
The last stages of digestion of both proteins and carbohydrates are 
inseparable from absorption. Erepsin and lactase act upon already 
diffusible products in the very act of being absorbed. 

Absorption of Carbohydrates.—Proof that carbohydrates are 
absorbed only as monosaccharides can be established by several 
different experiments. Ferments capable of splitting the starches 
and disaccharides are known to exist in the intestine and indeed the 
monosaccharides are easily demonstrable in its contents. The only 
question remaining is, how do we know that only simple sugars like 
glucose and galactose are permitted to pass and not the double sugars 
like sucrose and lactose? Weinland**! answered the question as 
regards milk sugar very conclusively. In animals which had no 
lactase in the intestine milk sugar was not absorbed no matter how 
long it remained in the cavity. On the other hand, animals in which 

‘lactase could be demonstrated absorbed milk sugar as readily as grape 
sugar and formed glycogen from it just as well. If a series of single 
sugars and double sugars be injected subcutaneously it is found that 
the single sugars all disappear and are utilized while the double sugars 
are excreted quantitatively in the urine.4*3 Since carbohydrate is 
absorbed almost exclusively through the blood stream and not through 
the lymph it must pass directly to the liver. Here the glycogenic 
function comes into play in proportion to the concentration of the 
sugar in the portal vein and in conformity with the needs of the tissues 
for energy. On ‘account of the imperative needs of the infant for fuel, 
the regulation of this easily mobile material is of great importance. 
Hence the size of the liver* in the newborn. No satisfactory deter- 

* The fetal liver begins to assume its carbohydrate function in the rabbit274 
at about the last quarter of the gestation period. Up to this time glycogen was 
stored exclusively in the maternal placenta. Goldman?‘ found the same storage 
of glycogen in the maternal side of the placenta in the mouse; but Driessen19% 
claims this is not true of the human placenta, from which we may perhaps infer 
that its retention in the liver of the human fetus begins at an earlier date. How- 
ever, the older idea of Pfliiger that embryonic tissues are particularly rich in glyco- 
gen and that the newborn is exceptionally well provided with this nutrient 
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minations of the glycogen in the liver of the newborn infant are at 
hand, doubtless for the reason that the liver cannot be secured suffi- 
ciently early after death; for glycogenolysis sets in the moment the 
supply of oxygen by the circulation ceases. In the liver of the mature 
fetus of the dog Butte®® found 8.7 per cent. glycogen as against 0.4 
per cent. in the liver of the mother 15 minutes after death: It should 
be borne in mind that there is a definite limit to the power of the alimen- 
tary tract in the infant no less than in the adult to absorb Sugars. 
An excessive amount produces serious disturbances, in which the 
influence of bacteria plays an important part. 

Absorption of Fat.—Fat absorbed as fatty acids and glycerin is 
immediately resynthesized into neutral fat and reaches the blood 
stream, by way of the thoracic duct, as such. Proofs of this proceed 
upon the following lines. In the lower part of the small intestine 
searcely any neutral fat is encountered, but abundance of soap and 
still more free fatty acids. Soaps are not found in the epithelium, 
and neither soaps nor (more than a small percentage) fatty acids are 
found in the lymph channels. That which intervenes in the epithe- 
lium may be, so far as the staining reactions are concerned, either 
fatty acids or neutral fat. The incontrovertible fact is, that whereas 
one finds on the intestinal side mainly fatty acid, when the lymph 
stream is gained it has (practically all) become neutral fat. Soaps 
indeed are toxic. That none of the fat can escape cleavage before 
being absorbed is proved by the fact that attempts to bring about 
absorption of fats like lanolin,”® vaselin,** and paraffin,!8! which can be 
finely emulsified but not saponified by the pancreatic lipase, have 
always proved futile. Fats must first be made soluble in water before 
they can pass the epithelium. With the aid of bile salts this can be 
accomplished for fatty acids but not for neutral fats. Hence the 
necessity for cleavage. Having reached the circulating fluid there is 
no further necessity of a water solution. The requirements for circu- 
lation can be served by a suspension or emulsion fine enough to pass 
the capillaries. Synthesis therefore occurs probably while the bile 
salts are still present to aid emulsification, after which they are re- 
covered by the liver and concentrated once more in the bile. 

The significance of bile for the utilization of fat in infancy is well 
illustrated by the observations of Koplik and Crohn?* upon a child 10 
weeks of age with complete absence of bile from the intestines through 
congenital obliteration of the bile duct. Examination of the stools 
showed an absorption of only 48 per cent. compared with a normal 
utilization of 88 to 96 per cent. The authors compare their results 
with those of Niemann*?* on a child nine months of age in which the 
biliary function had been destroyed by cirrhosis of the liver and whose 


material (p. 579) has not been confirmed by the most recent observations. ?%" The 
presence of glycogen in the fetus (and therefore the newborn) has the same sig- 
nificance as in the mature liver. It cannot be expected in the absence of an ade- 
quate supply of carbohydrate or an excess of protein in the food. 

Vou. I—47 
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absorption on a buttermilk diet was only 28 to 38 per cent. of the fat 
ingested. 

Digestion and absorption of fat proceeds very slowly compared 
with the other food stuffs. Aside from the slow discharge of fats from 
the stomach (p. 699) is the observation of Pavloff that fats retard the 
movements of the intestine. After a very heavy meal of fat the 
stomach of a dog may discharge only 4.3 per cent. of the total fat per 
hour and the intestine may contain at one time not more than 5.5 
per cent.4%4 At this rate it would require 24 hours to evacuate the 
stomach. In the infant normally fed events obviously must proceed 
much more rapidly even with the highest fat formulas (p. 699). Fat 
is absorbed chiefly in the lower part of the small intestine (ileum). 
In experiments with poly-fistulous dogs Levites*®* observed that in the 
neighborhood of 10 per cent. of fat may be absorbed in the duodenum 
and that practically allis removed before the ileocecal valve is reached. 
This is in agreement with older observations which show that while 
the large intestine has the power to absorb fat and soaps, to produce 
a physiologically significant effect it would be necessary to retain an 
emulsion of fats therein for many hours. Sufficient lipase is carried 
in the fecal mass to accomplish this cleavage in the course of time. 

Absorption of Protein.—It is impossible as yet to prove whether 
or not all the protein of a meal is absorbed in the form of amino-acids. 
Many statements that they are so absorbed exclusively are encountered 
in recent literature based upon the observations of Folin and Denis,?*° 
Van Slyke*** and others, showing that the individual amino-acids 
are quickly absorbed. That a considerable part of the protein reaches 
this stage under the influence of trypsin alone, leaving erepsin out of 
account, is demonstrable?“® and the discovery of the latter ferment and 
its peculiar relations to the intestinal mucosa together with the facts 
regarding its action in vitro which have been discussed on page 732 
make it very probable that under ordinary circumstances this is the 
fate of all food proteins just as truly as that carbohydrate and fat are 
reduced to their corresponding prototypes. But it is equally undeni- 
able that peptones, albumoses and even syntonin are soluble in water 
or that they may be absorbed as such under unusual circumstances. 
The difficulties attending conclusive proof may be illustrated by the 
following example. Suppose a dog has had a meal consisting of 200 
gm. of meat containing 6 gm. of nitrogen and that the whole of itis ab- 
sorbed in six hours. During thistime the entire volume of the blood has 
circulated through the heart perhaps 1000 times. For each complete 
circulation then something like 6 mgm. of nitrogen has been added ‘to 
the whole of the blood. Thus far no technique has been devised which 
is capable of demonstrating an increase with such a rate of absorption 
In a moderate amount of blood. With larger quantities of food, 
however (up to 1000 gm. meat at a single meal), a significant rise of 
amino-acid nitrogen in the dog’s blood can be seen.4% Amino-acids 
Injected directly into the blood or fed in pure solution in large amounts 
can not only be found in the blood but can be followed to the tissues, 29,447 
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which lay hold of them with great avidity. From these facts it is 
inferred that the tissues synthesize their own proteins from the ultimate 
cleavage products, disposing of the excess above their needs by deami- 
nation and conversion to urea. In the infant no increase in the amino- 
acid or even of the total non-protein nitrogen of the blood has been 
demonstrated following food. Schultz and Pettibone found the normal 
content of the non-protein nitrogen about the same as in the adult, 
but there was no visible variation in relation to the period of feeding. 
It should be emphasized that the evidence above mentioned by no 
means excludes the possiblity of absorption of protein by the infant 
in other form than amino-acids. But it makes the old theory of 
synthesis at the intestinal wall unnecessary to account for the dis- 
appearance of the cleavage products. The rapidity of the circulation 
together with the very prompt absorption of the crystallizable products 
into the tissues from the blood are held to favor the theory of local 
synthesis at the place where new tissues are being formed. Details 
of such a process, however, are wholly lacking. Whether muscle cells, 
gland cells, ete., must wait until the appropriate building stones for 
their particular types of architecture are at hand, or whether each cell 
has the power of molding these elemental structures to its needs, we 
do not know. 

It seems to be established that under certain circumstances proteins 
can be absorbed in undigested or at least partially digested form. A 
small loop of the dog’s intestine has been known to take up 6 gm. of 
serum protein in 50 minutes. It is scarcely possible that it could be 
completely hydrolyzed in so short a time. Hamburger and Sperck!69 
failed, however, to obtain any evidence of absorption of unchanged 
protein by infants in sufficient amount to give a precipitin reaction 
although such a reaction could be readily shown after parenteral 
injection of minimal quantities. If foreign protein even in small 
quantity were absorbed from the alimentary tract it should appear 
in the urine. Normal infants have been tested by the precipitin 
reaction for proteins of egg and meat by Lust?”7 and by Hayashi, 175 
and for egg and milk both by the precipitin and anaphylactic reactions 
by Schloss and Worthen,**’ but with only negative results. In 
nutritional disorders, especially those of the severer types, all observers 
agree that these proteins may appear in the urine as well as in the 
blood. Formerly it was supposed that milk albumin was absorbed 
unaltered and great emphasis*** was placed upon the advantages of 
native (“arteigenes’’) albumin in the nourishment of the infant, for the 
reason that such protein could contribute directly to its nourishment 
without denaturalization, whereas foreign (‘‘artfremdes’’) albumin 
must first undergo digestion and complete tran formation. Proof 
is lacking however that lactalbumin is not digested as is the casein; 
there is no evidence that such albumin is identical with serum albumin; 
and finally foreign blood proteins can be absorbed unchanged from 
the alimentary tract only in the first few days of life’** and then only 
in very small amounts. 
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It is well known that albumoses and peptones**’ injected into the 
blood stream behave as foreign bodies and are eliminated in the urine. 
Polypeptids® formed synthetically are not eliminated and it may be 
presumed are utilized or disposed of as amino-acids. The weight 
of evidence plainly is that the absorption of protein before it has been . 
profoundly disintegrated is quite exceptional if not entirely abnormal. 

At what stage of digestion does the protein of cow’s milk cease to 
be cow’s protein and become mere building material? £ he occurrence 
of plasteins as synthetic products in digestion by pepsin as well as by 
trypsin, it has been surmised, should afford a solution of the question. 
For the reason that peptic-digested protein no longer has antigenic 
properties, it is not possible to use the cleavage products directly. <A 
synthetic product however might serve the purpose. Kaffl-Lenz 
and Pick?!® acting upon this conjecture found that plasteins from 
artificial peptic digestion have antigenic properties but are not specific, 
since the immune bodies react as well with plasteins from heterologous 
proteins as with those from the protein used as antigen. Plastein 
being of the order of complexity of proteoses (heteroalbumoses),7®4 
and proteoses being formed in peptic digestion, these authors draw 
the conclusion that the stomach puts an end to the specific nature 
of the food protein. 

Composition of the Feces of Infants.—This section will be 
devoted to a brief discussion of the components of the feces of the 
infant with special reference to their sources. It makes no pretense 
to interpret the stools clinically except as such interpretation may be 
aided by purely physiological considerations. It is the principles 
of metabolism with which we are here chiefly concerned. For the 
assistance which it may render to future discussion of the substance 
metabolism and, for that matter, the energy metabolism, as well, 
the aim, will be to account for the main constituents of the feces and 
see how they may differ from the feces of the adult. 

Nature of the Feces.—Students of metabolism in adults are famil- 
iar with the view which regards all indigestible substances in the feces 
as distinctly extraneous or ‘‘abnormal.”” The writings of Prausnitz®57 
and others of the Munich school of metabolism are responsible for 
this view. Prausnitz fed six different persons alternately on meat 
and rice which was well cooked and found that the feces from the two 
kinds of diets in all the subjects contained the same amount of nitrogen, 
ether extract and totalash. In other words, the protein—or extractive 
constituents, the fatty substances and the mineral matter were the 
same in amount whether the person ate food containing on the one 
hand a mere trace of protein, a large amount of carbohydrate and no 
fat, or on the other one containing 20 per cent. protein, 5 to 15 per 
cent. fat and no carbohydrate. Bischoff and Voit#2 many years earlier 
had shown that a dog produces during starvation the same kind of 
feces as when he is fed on meat; also that while the amounts increased 


‘ioe larger feedings of meat they were by no means proportional 
thereto. 
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It is shown from these experiments that neither the character nor 
the amount of the feces is determined solely by the food. Prausnitz 
applied the term “normal” to feces which result from the digestion 
and absorption of well-cooked and perfectly digestible food. The main 
source of such feces was demonstrated by Fritz Voit**4 who isolated 
a loop of the intestine (Thiry-Vella fistula) in the dog and found after 
three weeks that the cavity of this loop, entirely untouched by the food 
which the dog had received, contained a mass of material which had 
essentially the same composition as the feces from the restored canal. 
The intestinal wall produced feces without having been touched by 
food. The characteristic color of the feces was lacking because bile 
was excluded but the odor was present because putrefaction had taken 
place. While some objection has been raised to this experiment??? 
which was originated by Hermann, it has served more than any other 
line of observation to impress the fact that feces are to a large extent 
produced by the alimentary wall and its accessory structures. Natu- 
rally they are not produced in the form and consistency found in the 
evacuations, for water has beert absorbed in the large intestine, some 
digestion has occurred, bacteria have used up for growth of their own 
bodies a considerable part, and so on. The original form was that of 
the alimentary secretions. It is conceivable indeed that feces might 
consist of nothing else than residues of the alimentary secretions. 
Such a state of affairs would presuppose that all of the food which had 
called out the secretions had been digested and absorbed. Since this 
state of perfection is never attained, however, there is little to be 
gained by basing thereon any definition or standard. That a consider- 
able portion of the infant’s feces is derived from the same source is 
nicely proved by the following observation by Keller.227 For thera- 
peutic purposes an 11-months baby was fasted for two days during 
which the urine and feces were collected separately for analysis. 
The feces for one day contained 0.072 gm. N and 0.0292 gm. P,O;. 
The next day the child received in watery solution a small amount 
(5.5 gm.) of “ Protogen,” a protein containing no phosphorus, and the 
day following double the amount. The feces for these two days were 
separated and found to contain daily 0.041 gm. P.O;. The increased 
activity of the alimentary tract occasioned by the ingestion of this 
small amount of food containing no phosphorus had raised the output 
of phosphoeus through the alimentary wall 40 per cent. The amount 
of fat in the feces of the protogen period was 0.82 per cent. or a daily 
elimination of 0.0276 gm. fat and fatty acids. 

When we remember that the alimentary secretions reduced to 
a dry basis are rather rich in protein and inorganic salts we have, 
in the light of what has gone before, the clue to the fundamental com- 
position of the feces. Observations on children very similar to the 
old experiment of Bischoff and Voit mentioned above are now rather 
plentiful. L. F. Meyer®®! gives the following results of adding a 
large amount of casein to the food of two healthy infants upon which 
they had been brought into N equilibrium. 


* 
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Taiz 50.—InFLuence or Excess Protern on Fecat N (L. F. Meyer) 
a CEE 2 2 can NR ea AE 


Child Period N in food N in feces 
A Prelimmary 2: «2+ ucts oe eee 1.027 0.178 
Same food + 16.5 gm. casein........... 3.552 0.256 
B Preliminary... 2... 4-0 a eee eee 1.922 0.183 
Same food + 21 gm. casein............ 4.773 OL LF 


Trebling the intake of nitrogen in the first case increased the output 
of nitrogen in the feces about 50 per cent. Multiplying the intake 
by two and a half in the second case did not increase the fecal nitrogen 
at all. If such observations were not amply supported by numerous 
others of a similar nature one would be inclined to question the separa- 
tion of the feces. But when one remembers that digestion is accom- 
plished by enzymes which act by catalysis and not by mass action, 
it is clear that in a fluid medium like milk there is no reason for increas- 
ing the secretions in proportion to the weight of nutrients ingested. 
Given thorough mixture in the intestine the same output of gastric, 
pancreatic, and intestinal juices might very well accomplish three 
times the digestion of protein and be followed by 100 per cent. absorp- 
tion of the increase. Neither the dry mass of the feces then nor the 
weights of their constituents would necessarily be augmented. 

The exact character of the feces of the normal infant will depend 
upon the number of extraneous substances superimposed upon the 
fundamental components by: (1) the completeness of digestion and 
absorption, secondary to which is the vigor of peristalsis; and (2) the 
character of the intestinal flora. Such adventitious substances are 
of great importance in diagnosis. For example, the color and odor of 
the stools depend (1) upon the kind of food and how much of it is 
passed undigested whether because of increased peristalsis or poor 
adaptability; (2) upon the amount of putrefaction or fermentation; 
and (3) upon the amount of bile secreted and reaching the digestive 
arena. The consistency depends primarily (1) upon the amount of 
water remaining unabsorbed, and (2) upon the amount of fat. 

Characteristic Ingredients.— Pursuing the subject from the vantage 
point already taken regarding the nature of the feces in the infant, 
we shall find ourselves in better position to appreciate the significance 
of certain constituents which are so constant as to be regarded as 
peculiar to the feces. Among these, though by no means most promi- 
nent, are the digestive enzymes. Why are they present in the feces? 
There is only one answer: Because they belong there. If the feces were 
primarily or mainly undigested food, they would not be present except 
by accident, while as a matter of fact they are never absent except 
by accident. V. Jaksch*4? found invertase as a regular constituent of 
infant feces, Pautz and Vogel*4® youch for the presence of lactase 
and Moro’ may be quoted among many others who have had 10 
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difficulty in finding a diastatic enzyme. The proteolytic and lipolytic 
enzymes are less constant because, as already noted (p. 733), they are 
much more readily destroyed. Nevertheless Hahn and Lust1® were 
able to find them in all kinds of stools both normal and pathological 
with the exception already given (p. 728). 

The odor of feces is so characteristic and so familiar that its 
identification would be accepted in any court of law upon the word 
of any reliable witness. The odor of infant stools is not so familiar 
because they represent a rather unusual state of affairs. What 
everybody recognizes as the odor of feces is the odor of certain definite 
putrefactive. products: Indol, skatol, phenol, and the gases HS, 
CHa, NHs, etc. In the newborn the intestinal tract is sterile and it 
is only after putrefactive organisms have been introduced in the food 
or have gradually established themselves by direct invasion of the 
rectum and colon that the characteristic odor appears. There are 
many testimonials to the fact that the specific putrefactive products?? 
indol, skatol and phenol are not found in the fresh feces of breast-fed 
infants or even of infants fed with care from the bottle. They begin 
to appear in demonstrable quantity when other foods than milk are 
taken. Oxyacids, however, particularly lactic acid and fatty acids like 
butyric acid, are present but they are accounted for by the same 
processes of spoilage which occur in milk outside the body. The 
bacteriology of the infant’s alimentary tract should be considered 
very briefly in this connection. For more extended discussion see 
Chapter XXVI. Kendall”? notes that the earliest organisms gaining 
entrance to the alimentary tracts are spore-forming, but they find 
only the detritus of the fetal alimentary wall to feed upon. ‘When 
breast milk has had a chance to thoroughly permeate the intestinal 
tract, new organisms appear, organisms which have a definite relation 
to the type of food which is presented to them. It will be remembered 
that breast milk contains essentially 7 per cent. of lactose, about 3 
per cent. of fat and but 114 per cent. of protein. Carbohydrate is, 
therefore, the dominant food. It is noteworthy that the organisms 
which appear in response to this diet are those whose metabolism is 
intimately associated with the utilization of sugar. These organisms 
thrive but poorly in a medium from which milk is excluded. When 
other foods begin to replace the breast milk there is a definite change 
in the types of bacteria represented in the intestinal contents. The 
obligate fermentative bacteria such as the B. bifidus are replaced by 
more plastic forms and by the B. coli which can accommodate their 
metabolism rapidly to dietary alterations. The B. coli, for example, 
can thrive equally well on a medium in which carbohydrate is absent. 
It might appear from this rather definite alteration of types of bacteria 
in the intestinal tract following changes in the character of the food 
that the food alone determined the intestinal flora. This may be 
somewhat influenced by the intestinal secretions.”’ A change in the 
character and amount of the intestinal secretions doubtless takes 
place during the transition from fluid to solid foods, and these changes 
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as well may influence the flora. Further it is known to be exceedingly 
difficult to change permanently the intestinal flora of an adult. Per- 
haps the uniform character and composition of the secretions is the 
principal element of the inertia. it, 0) 

Intimately associated with this question of putrefaction is the 
color of the feces and this in turn depends upon the transformation 
of bile pigments. Without putrefaction in the intestine the bilirubin 
of the bile would not be changed to hydrobilirubin which imparts the 
brownish-yellow color to the feces of the adult; for the last-named 
substance was shown by Maly?8! to be derived by a process of reduc- 
tion. In the intestine this is accomplished under the agency of free 
hydrogen produced by putrefaction. Schorlemmer*®* reported the 
first appearance of hydrobilirubin in the feces of breast-fed infants 
very definitely on the fourteenth and fiftteenth day of their lives. 
With infants fed in part or exclusively on cow’s milk the first traces 
appeared as early as the seventh day. These traces however are not 
sufficient to alter the predominating color of the feces. According to 
Schikora®** the deep change in color comes with the transition to solid 
food, and Glarre®° finds that this is coincident with the appearance 
of urobilin in the urine. 

The reduction of cholesterin to coprosterin which takes place 
in the adult under the influence of putrefactive organisms does not 
occur in the meconium. Miiller?!* found unchanged cholesterin in 
the feces of the infant on milk diet, but when mixed diet was introduced 
coprosterin only could be located. 

One other constituent may be named because of origin, namely, 
the nuclein from which, according to Weintraud,‘** purin bases may be 
produced by prolonged hydrolysis with sulphuric acid. This nuclein 
occurs also in the meconium and in later stools of infancy; but before 
putrefaction sets in it will yield by hydrolysis uric acid instead of 
purin bases, showing, as Weintraud believed, that it has undergone 
a process of partial oxidation in the canal. Since it occurs in the 
meconium this phosphorated body must have its origin in the intestinal 
tract itself. 

Every laboratory worker who has had experience with powdered 
feces, particularly the feces of starvation, has been struck by the almost 
mineral character of the dust. The same basic and acid radicles are 
found in the ash as are found in the urine, though by no means in the 
same proportion. Martin Thiemich in Feer’s Lehrbuch has stressed 
the origin of many of the mineral ingredients from the alimentary 
secretions. It is unfortunate that little is yet known of their quanti- 
tative relations in the starvation feces. 

Utilization of the Food Stuffs in Normal Infants and Older 
Children.—The term utilization as applied to the food in the alimen- 
tary tract has been employed by some writers as entirely synonymous 
with absorption, but by others as denoting the difference between 
intake and output through the intestine. It is in the latter sense that 
the term will be used in this chapter. If the feces were composed of 
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unabsorbed residues of the food and nothing else, estimation of the 
absorption of each food stuff would be a relatively simple matter. 
Precisely because this is not the case the percentage of certain food 
stuffs which escape digestion or absorption or both can never be stated 
- with exactness. Only in one instance, namely carbohydrates, can 
we say that the quantity found in the feces represents unabsorbed 
foods; for they are not found in the alimentary secretions themselves 
nor in the feces of starvation. Fats, it is true, occur in only very small 
quantity (p. 741) and for all practical purposes the food fat minus 
the fecal fat gives the absorption figure. With proteins and mineral 
salts a considerable portion always belongs to the secretions. — Still 
worse the exact quantity can never be known; for even if a starvation 
period could always be used to introduce an absorption experiment the 
amounts found in the stool would not be equal to the strictly endogen- 
ous production of a feeding period; for the moment food is given the 
volume of secretions and the mass of contained solids increase. The 
difference between utilization and absorption should be borne clearly 
in mind. 

Utilization of Proteins.—Because of the facts just given it has 
become customary to think of the fecal protein (or total nitrogen) 
in absolute rather than in relative terms. The factors which influence 
the amount of nitrogen lost by. the alimentary tract can be discussed 
just as well in these terms, and it is quite justifiable in balance experi- 
ments to regard the total nitrogen as ‘‘loss’”’ whatever its source. The 
only embarrassment is that “ percentage absorption” cannot be.expres- 
sed with the same accuracy as it can, for example, for fats. Neither 
can the total nitrogen of the feces be regarded as ‘‘metabolized”’ 
or ‘“‘katabolized protein” in the sense in which the nitrogen of the 
urine can be so described; for (with the exception of the small amount 
of fecal urea, see below) it has not been through the deaminizing 
process. 

Factors Influencing the Fecal Nitrogen.—Only two observations 
on the loss of nitrogen by the feces,during starvation in infancy have 
been recorded and they are not at all concordant. Keller?*’ in the 
case of an 11-months bottle-fed child weighing 4300 gm. in two fasting 
periods which began 18 and 30 hours respectively after the last feeding 
found 0.072 gm. and 0.097 gm. nitrogen in the stool for a 24-hour 
period. Amberg and Morril'*in the case of a five-months breast-fed in- 
fant weighing 4800 gm. collected the stools throughout a fasting period 
of 48 hours, beginning 18 hours after the last feeding, and found 
0.069 gm. nitrogen in the entire feces or 0.035 gm. for one day. The 
larger loss from the alimentary tract of the bottle-fed child is in 
agreement with the observation of Schlossmann and Murschauser*®? 
that more nitrogen was found in the urines of fasting infants previously 
bottle-fed than from those which had been previously breast-fed, 
but the two phenomena are not necessarily associated. The diffi- 
culty of accurately separating the feces of a fasting period precludes 
any further deductions from the data at hand. Possibly the two 
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values given represent something near the minimal and maximal 
values. be 

Numerous experiments,** on the other hand, can be cited showing. 
the influence of different quantities of protein in the food upon the 
output of nitrogen by the intestinal tract. A few instances must 
suffice. Thus a healthy eight-months-old infant,*® fed in one period a 
meager diet of whole milk which did not quite cover his requirement 
and later a larger quantity of the same food upon which he gained 
weight, gave the following results in daily quantities. 


| Food nitrogen, grams | Fecal nitrogen, grams 


34 liter whole pulls as aa 3.528 | 0.296 
114 liters whole milk............. 5.88 0.415 


i | 


During the first period the child was approximately in N equili- 
brium but lost calcium and phosphate from its body. In the second 
period it was retaining both minerals as well as nitrogen. 

The idea which formerly prevailed among pediatrists that the 
failure of artificial feeding could be traced to the relative indigestibility 
of cow’s milk casein has been many times disproved by accurate experi- 
ments. In fact it is found not infrequently that there is even smaller 
loss of nitrogen by the feces on modified cow’s milk than on breast 
feeding. The following table from Orgler*** is highly instructive. 


‘TaBLE 51.—BREAST-FED COMPARED WITH ARTIFICIALLY FED INFANTS (CzERNEY 
AND KELLER, AFTER ORGLER) 


Keller Keller Orgler | Orgler 
pnd ot food Nitrogen| Fecal | Nitrogen) Fecal | Nitrogen| Fecal | Nitrogen| Fecal 
intake |nitrogen| intake | nitrogen| intake | nitrogen| intake | nitrogen 
Breast milk...| 1.51 0.29 1.87 0.24 | 0.69 | Uae Wg 0.97 0.21 
Cow’s milk....| 2.05 0.27 2.23 0.14 | 0.92 | 0.14 L210 0.20 


In every instance the intake of nitrogen in the form of cow’s milk 
is greater, and yet the fecal nitrogen is less than on breast milk. The 
addition of cow’s milk in the form of supplementary feeding need not 
be feared therefore from the standpoint of utilization of proteins. 
Even changing from breast milk to protein milk with a very much 
higher content of nitrogen does not always influence the fecal nitrogen 
materially as the following instance from Peiser*4” will show. 


Foop Fucar 

NITROGEN NITROGEN 
Wetinurse’ mille, 0. 1.144 0.190 
ES Witweissini chee ae).cee Oa eee eel 4.01 0.296 
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Continued use of protein milk for some time, however, may result 
in a gradual increase of the fecal nitrogen to much higher values. 
Hoobler*®* kept a healthy robust child of two months under observa- 
tion for 16 days. The first four days he was fed one-third whole 
milk with 5 per cent. dextrimaltose. He was then placed on a slightly 
increased protein diet and the following day was put back again on 
low protein. This continued each alternate day gradually increasing 
the protein intake until the last five days when the child was placed 
on maximum quantities of protein in the form of albumin milk, 
containing 56 per cent. of the total calories in the form of protein. 
The fecal nitrogen increased as shown below. 


Distribution of calories, FOE MER ECALEN, 
per cent. 
6th day.:....| 15 .3 prot. 24.7 fat 60 CH 1.92 0.187 
10th day..... 43.7 prot. 29.3 fat Zire OL 5.30 0.518 
13th day..... 56.2 prot. 0.0 fat 43.8 CH 6.61 0.646 


Adding sugar to whole milk has the effect ordinarily of increasing 
the fecal nitrogen through increased peristalsis. The following illus- 
tration, again from Czerny and Keller, may be given: 


TABLE 52 
pe eent Food Food N Fecal N 
number 
i | 14 cow’s milk 1.853 0.125 
¥% cow’s milk + 75 gm. maltose 2.04 0.239 
Il Whole milk 3.832 0.185 
Whole milk + 75 gm. maltose 3.830 0.347 


Adding fat usually has no effect on the nitrogen as the following 
experiment from Freund?*® illustrates: 


TABLE 53 
ey Food Food N Fecal N 
number 
I Buttermilk 3.389 0.278 
’ Buttermilk + butter 3.047 0.311 
II Buttermilk 3.405 0.379 
Buttermilk + butter 3.114 0.338 


Takeno*!’ reports, however, that cod liver oil may cause a reduction 
in the fecal nitrogen, and Aschenheim?’ claims the utilization of N 
is better after a fat-rich than after a fat-poor milk. 
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In all of the experiments thus far cited the fecal nitrogen makes 
up about one-tenth the quantity of the food nitrogen. The utilization 
is in the neighborhood of 90 per cent.—absorption of course considerably 
better than this. / 

Contrasted with these figures for milk diet are the much higher 
values for fecal nitrogen after a cereal diet. Rubner and Heubner 
found an apparent absorption after an all-cereal diet of only 56 per 


cent., and Niemann,*24 who fed the same child at different times upon 


different kinds of food, obtained the following comparison when nothing 
but cereal was given: 


Age, weeks | Food Food N | Fecal N 
16 Buttermilk and sugar ~ Sulu) | 0.283 
22 Skim-milk and sugar 4.57 0.40 
40 Cereal 1.57 | 0.395 


In absolute figures, which are the important ones, the output of 
nitrogen was not unfavorable, but in proportion to the nitrogen of the 


food or as percentage utilization the contrast is very poor. A better . 


illustration of the fallacy of calculating absorption of nitrogen to the 
neglect of the actual source of the nitrogen could not be devised. 
The actual reasons for the relatively high nitrogen are: (1) the low 
nitrogen content of the food; and (2) the increased peristalsis. Prob- 
ably there is not an actual increase in the volume of secretions. 

Different Forms of Nitrogen in the Feces of Normal Infants—Degra- 
dation products of proteins, as we have seen (p. 743), make up an 
important part of the feces. Some of these doubtless are left-over 
products of protease action in the small intestine. Others are charac- 
teristic of the action of putrefying bacteria. Of the first group are 
to be mentioned especially proteoses and amino-acids; and of the 
second ammonia, indol, skatol and phenol. To the latter group, 
since its occurrence in culture media of proteolytic bacteria has been 
rendered highly probable by Kendall?2° and in infant’s stools still 
more probable by Gamble'‘ and Van Slyke, #48 must now be added urea. 
The word probable must be used in both instances because Kendall 
did not employ urease but a purely chemical method, and while both 
Gamble and Van Slyke and his collaborators used urease Van Slyke 
at least was not quite certain that the urea found was not due to slight 
contamination of the stools with urine. 

It is only recently that attempts have been made to fractionate the 
nitrogen of infant’s stools so that their significance in metabolism might 
be learned. This field seems to offer such promise that it may be 
considered useful to give in this place the methods employed. To 
the reader who is familiar with the methods of separating protein 
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fractions introduced by Van Slyke and the methods devised by Folin 
and others for separation of the nitrogenous bodies in the urine these 
methods will be old friends. 


Methods for the Determination of Different Forms of Nitrogen in Stools. (1) 
Total Nitrogen.—Modification'** of the micro-method of Folin. The 24-hour 
specimen of stool is placed in a weighed dish and thoroughly mixed by stirring and 
rubbing with a spatula, water being added if necessary. Its weight is then deter- 
mined and a 2- to 5-gm. sample weighed out in a small evaporating dish; over this 
is poured from 60 to 70 ¢.c. 20 per cent. sulphuric acid and the dish placed on the 
water-bath for from one-half to one hour. The resulting digest is then transferred 
to a 100-c.c. volumetric flask, cooled and made up to the mark with 20 per cent. 
sulphuric acid.. From this two 5-c.c. samples are pipetted into large jena glass 
test tubes, and 1 gm. potassium sulphate, two drops 10 per cent. copper sulphate 
and a small pebble added to each. No sulphuric acid need be added as enough 
is contained in the samples. The tubes are then placed over micro-burners and 
from this point the determination is carried on as in the method for urine. The 
digestion mixture should be boiled carefully at first in order to avoid driving it 
very far up the sides of the tubes. Digestion will be found to be complete in 20 or 
25 minutes. One point which is not quite satisfactory must be mentioned. The 
preliminary digest often contains minute particles which tend to settle, and for 
this reason the mixture must be shaken immediately before pipetting the samples. 
All danger of error may be avoided by carrying out the perliminary digestion in a 
small Kjeldahl flask over a flame, and this plan must be followed when the stool 
contains casein curds. It has been found, however, that duplicates from the 
usual type of stool, digested on the water-bath, are in close agreement* and also 
agree with the result obtained by carrying through a sample by the regular Kjeldahl 
method. While no essential advantages can be urged, it will be found that as 
compared with the usual method of doing Kjeldahls this modification is shorter 
and less cumbersome, and where other colorimetric nitrogen determinations are 
being carried out at the same time, it fits conveniently into laboratory: routine. 
The micro-method can also be very conveniently used for determination of total 
nitrogen in milk, in which ease no preliminary digestion is necessary. The milk 
is simply diluted until 5 c.c. will contain about 1 mg.-of nitrogen. F 

Following digestion water is added, then an excess of alkali (3 ¢.c. sat. sol. of 
NaOH) and the liberated ammonia is removed by a rapid air current and caught 
in 20 c.c. of ammonia-free water plus 2 c.c. N/10 HCl. Nesslerize and read in 
colorimeter. 

2. Ammonia Nitrogen.—Modification!** of the aeration method of Folin. 
Folin and Denis have employed this method occasionally for the determination 
of ammonia in feces in the course of animal experiments. The steps are very 
simple. A 1- or 2-gm. sample of well-mixed stool is weighed out on a small bit 
of oiled paper. The paper and sample are then dropped into a large test tube, and 
about 5 c.c. of water added. If the stool is fluid, it is weighed in a small porcelain 
dish and rinsed into the test tube with 5 c.c. of water. A few drops of kerosene and 
1 or 2 c.c. of a solution containing 15 per cent. potassium oxalate and 15 per cent. 
potassium carbonate are then added and the determination carried on as in the 
method for urine, except that the air current is allowed to run 30 minutes instead 
of 10. All determinations are made in duplicate and the results averaged. 
Gamble found that in most of the stools examined by him the agreement between 
duplicates was within 3 per cent. Considering that the samples were small and 
weighed separately on an ordinary inexpensive balance, such aresultis satisfactory, 
and is interesting as showing the very uniform composition of the usual type of 
infant’s stool. Stool containing casein shreds and curds gave a difference between 
duplicates of from 5 to 10 per cent. 

3. Urea Nitrogen.—Urease method of Marshall, as used by Van Slyke, Courtney 
and Fales.*** Forty to fifty grams of fresh feces emulsified in water and diluted 

to 200 c.c. mixture is made homogenous by grinding in a mortar. Ten cubic 
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centimeters are placed in a 100-c.c. test tube with 5 c.c. of 0.6 per cent. KH2PO4 
and 1 ¢.c. of 10 per cent. “Arlco-urease.” After 15 minutes allowed for hydrolysis 
of the urea, from 8 to 10 gm. of potassium carbonate are added and the ammonia 
aerated into fiftieth-normal acid. The increase in ammonia resulting from the 
action of urease represents the urea nitrogen 

4. Free Amino-acid Nitrogen.—Nitrous acid method of Van Slyke.**8 To 100 
c.c. of emulsion (see “‘ Urea Method’’) about 0.5 ¢.c. of charcoal is added, and the 
solution is filtered without washing the residue. The volume of the filtrate is 
measured, and to it 10 per cent. metaphosphoric acid is added until all the protein 
is precipitated. The volume of metaphosphoric acid solution required is 15 c.c. or 
less. After a half hour has been allowed for complete precipitation of the proteins, 
the mixture is made up to a convenient volume, made alkaline by addition of 
powdered calcium hydroxide, and filtered. The filtrate is free from protein, as 
indicated by the biuret test. The filtrate is measured and evaporated to dryness 
on a water-bath. During evaporation the solution, made alkaline by the above- 
mentioned addition of lime, entirely loses its ammonia. The foregoing treatment 
therefore frees the solution of both protein and ammonia. The dry residue is 
taken up with 1 c.c. of 50 per cent. acetic acid and washed into a 10 c.c. measuring 
flask with small portions of water. Two cubic centimeters portions are used for 
determinations of ammonia nitrogen by the nitrous acid method. ; 

5. Total Amino-acid Nitrogen after Hydrolysis of the Proteins (Van Slyke**®).— 
Ten cubic centimeters of the feces suspension (see ‘Urea Method’’) are mixed 
with 10 ¢.c. of concentrated hydrochloric acid, and the solution, in a loosely stop- 
pered tube, is immersed in a water-bath at 100 degrees for 24 hours. This assures 
practically complete hydrolysis of the proteins present. The solution is evaporated 
to drynéss on the water-bath to remove the hydrochloric acid. The residue is 
taken up with water, made alkaline with calcium hydroxide, and filtered. The 
alkaline filtrate is concentrated to dryness to remove the ammonia. It is then 
redissolved with the help of 1 c.c. of 50 per cent. acetic acid; the solution is made up 
to 25 c.c., and 2-c.c. portions are taken for determination of amino-nitrogen. 


Ammonia Nitrogen.—Previous to the recent work of Gamble and 
Van Slyke but few observations had been made upon the ammonia 
of the stools and the few quantitative estimations of ammonia were 
made with what would now be regarded as very inferior methods. 
Nevertheless Bartling®® had discovered that the ammonia which could 
be driven off from a moist sample of human feces by addition of soda 
varied with the amount of protein in the food. For example, he placed 
a subject first on a vegetarian diet, next on a mixed diet and finally 
by addition of nutrose on high protein. The relation of ammonia 
to total nitrogen in the urine did not change but when the total nitro- 
gen in the feces rose on account of the high protein feeding to double 
what it had been in the first period the ammonia was trebled. Addition 
of fat (butter) appeared to be without influence on the fecal 
ammonia. 

Experiments carried out by Gamble show that as much as 15 to 
20 per cent. of the total nitrogen of a stool may be lost by escape of 
ammonia in the process of drying. He believed this ammonia is not 
all preformed, nor is it produced by bacterial action during the process 
of drying, but seems rather to be set free from some compound 
possibly urea. At all events it is obviously necessary to deal only 
with fresh stools. Gamble’s results from fresh feces (preserved on ice) 
passed by babies which were “practically normal” are summarized 
in the following table. 
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TaBLE 54.—AvERAGE Amounts oF AMMONIA IN Inrants’ Stoozs (GAMBLE) 


é ; Ammonia nitrogen 

pele Grams Nitrogen in stools in stools Apnwesnn 

: i carbohy- nitrogen: 
Observations idioma drate per Per gram Per of Total 

. kilogram | Total : Total EMO |) saeite 

in food aa faod M dried M dried trogen, 

o & | stool, Me ® | stool, Mg | Per cent. 
6 1.9 13 341 42 23 2.8 7.4 
11 3.9 13 362 40 33 3.6 9.3 
13 5.5 11 432 45 42 4.4 9.5 
vé 8.6 11 673 76 50 6.2 8.4 
37 Grand average..... 5.0 12 443 52 38 2 9.0 


There is very evident in these results a tendency to parallelism 
between total nitrogen in the food (also in the feces) and the ammonia 
formed in the stool. There was no relation to the number of stools 
passed ina day. The total range was from 1.9 to 15 per cent. of the 
total nitrogen. In cases suffering from indigestion and malnutrition, 
including atrophy, Gamble noted much higher quantities both per 


Taste 55.—Amino Aci anp Ammonta NirrocEn IN Inrants’ Stoots (Van 
SLYKE, CourTNEY AND Fa.zs) 


es te YE 


Stools 
Grams ais idity F 
Total N Per cent. of total N as | cubic centi- 
Case Condition Date eeeintais meters 
dried N/100 
welgiit Free | NH2 after Free NaOH 
bottle fed NHz | hydrolysis | NH; 
E. V. | Convalescent from diar- | Nov. 6 0. 053 8.4 49.0 4.7 3. 74 
thea, constant food. Nov. 7 0.058 6.8 52.5 4.3 3.97 
534 mo. Nov. 8 0. 054 3.3 49.7 3.6 2.57 
Nov. 9 0.051 V2 50.0 5.2 7.92 
Nov. 10 0.051 6.6 47.7 7.6 7.95 
Novy. 11 0.073 4.8 43.4 6.9 3.13 
Nov. 12 0.071 1.8 46.9 8.1 0.0 
E.W. |Convalescent, from| Dec. 19 0.052 10.7 41.4 12.8 7.59 
12 mo. pneumonia gaining} Dec. 20 0.059 13.8 45.6 9.0 10.72 
weight, food constant. Dec. 21 0. 054 13.6 50.5 12.6 10.15 
Breast fed 
G. R. INorngalit 7 weno eevee Dec. 22 0. 046 ak! 49.7 5,2 15.16 
4 mo. 
A. R. | Marasmus 
5mo. | Gaining slightly.:...... Jan. 29 0.046 6.2 50.6 7.8 14.59 
A Ia Marasmus $02 os.//0: 22 Jan. 20 0. 065 6.3 47.6 5.9 9.65 
3 mo. Gaining slightly........ Feb. 2-5 0.059 6.4 47.4 3.8 10. 65 


een re ee ee a ee ee 
gram of dried stool and in relation to total nitrogen. Van Slyke and 
his collaborators found an even higher range, namely, 4 to 37 per 
cent. of the total nitrogen. The fact that the ammonia nitrogen 
usually equals or exceeds the amino-acid nitrogen is cited by these 
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observers as evidence that the ammonia is of bacterial origin. For 
when animal proteins like casein are split by acids or by aseptic 
digestion with trypsin the ammonia nitrogen is less than one-seventh 
the free amino-acid nitrogen. From the theory that. fermentative 
and putrefactive bacteria are antagonistic it might be ‘expected that 
the ammonia would bear some definite relation to the acidity of the 
feces; but as may be seen from the above Table 55 this is not the case. 
In fact there is a coincidence of values oftener than a reciprocal 
relationship. Nevertheless ammonia may be looked upon as a 
measure of putrefaction in the colon. There is no evidence that it is 
excreted by the gut except in extreme stages of diabetes and nephritis. 
It rises with the protein content of the food and is especially high in 
intestinal disorders. 

Urea Nitrogen.—No great importance need be attached to this 
fraction of the nitrogen until it is definitely shown to be a constituent 
of the feces. Gamble found urea in all of the stools examined by him, 
and he evidently believed there had been no contamination with 
urine. Moreover he points to the increase in urea when the stools 
were kept standing for several days at room temperature as proof that 
this product can be formed by bacterial action. Van Slyke on the 
other hand is very positive that urea was not present in at least 19 
out of 25 stools examined. 

The average amount found by Gamble was 13 mg. for a 24-hour 
period, or 2.0 mg. per gram of dried stool, which made 3.5 per cent. 
of the total nitrogen. Van Slyke reports only 0.3 to 3.0 mg. per gram 
of dried stool or from 1 to 5.6 per cent. of the total nitrogen. 

Amino-acid Nitrogen.—While it is certain that bacteria can pro- 
duce free amino-acids from proteins the presence of them in the feces 
cannot be taken as a measure of putrefaction; for on the one hand, 
putrefaction usually proceeds rapidly beyond this stage to the forma- 
tion from the aromatic amino acids of the characteristic phenols and 
on the other amino-acids formed by the digestive enzymes may well 
escape absorption. Van Slyke (Table 55) from his few analyses 
believed that the more watery the stools were, 2.e., the quicker had 
been the passage through the alimentary tract, the larger was the pro- 
portion of total nitrogen in the form of amino-acids. There was a 
wide variation (from 1.8 to 17.6 per cent.) of the total nitrogen in 
this form. 

Higher Forms of Nitrogen—As shown in Table 55 the extra NH: 
nitrogen set free by hydrolysis of the stool made up a fairly constant 
proportion of the total. Some of this higher nitrogen certainly is 
present in the form of albumoses,® peptones, and peptids, but there 
remains a considerable fraction over as true protein. Since it has been 
shown“ that most animal proteins upon hydrolysis yield about 
75 per cent of their nitrogen as free NH», amid nitrogen and nitrogen 
of prolin, oxyprolin, tryptophan, arginin, and histidin which have all 
or part of their nitrogen in other form than NHg, by multiplying the 
amount of amino nitrogen found after acid hydrolysis by 1.33 we 
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obtain the amount of nitrogen present originally as protein and pro- 
. teolytic products. Van Slyke applied this factor and found that 60 to 
70 per cent. of the nitrogen in infants’ stools as they are passed is 
present in the form of protein bodies from the grade of amino-acids 
upward. The free amino-acids make up from 2.4 to 24 per cent. of 
this total while higher cleavage products and proteins make up the 
rest. The protein of the alimentary secretions, the unabsorbed en: 
zymes, mucin and the nuclein of the stool would be numbered among 
the unchanged proteins. 

The only work on the feces of adults with which thé’ results of 
Gamble and. Van Slyke on infant’s stools can be compared is that of 
Eppinger and Gutmann,’ who in the course of a study on the causes 
of intestinal intoxications made a partition of the fecal nitrogen in 
two normal subjects on mixed diet. Their results as given by Schmidt 
and Strasburger** follow: 


TasBLE 56.—Distripution or NiTRoGEN IN Human (ADULTS) FECES 
(EPPINGER AND GUTMANN) 


NE Per cent. of total nitrogen 
/) on- 
Sub- Total Basi U: i 
ject iconck NH3N strorsk: enon ae Basis Uren We es 
parca os NHsz nitrogen | nitrogen _acid 
nitrogen 
f | 35.5 19.0 0-5 1550 0.5 54.0 1.4 43.0 1.4 
| 5) 1.19.07 1 9:0) | 15.0 Pea" e479: 1948/4 13350 bes 
‘ | | | 


The enormously greater percentages of ammonia and urea nitrogen 
than in infant’s stools doubtless reflect the greater degree of putre- 
faction in the adult colon. 

Nitrogen of Curds.—Curds may be mentioned in this place merely 
as a form in which nitrogen may occur normally in infant’s stools. 
The disposition which previously existed among pediatrists to 
regard everything of the appearance of curd in the stools of artificially 
fed infants as distinctly abnormal and pathognomonic of disordered 
digestion has given way to the view that small or even large clumps of 
casein may exist in the stools without any sign of disorder,*®° that they 
are mechanically formed by some peculiarity of evacuation from the 
stomach® and that they are prevented effectually by the simple 
expedient of boiling®® the milk. Talbot*'® has analyzed both the small, 
soft and the large hard curds, and found that the former have a normal 
(for feces) percentage of nitrogen and a high percentage of fat while 
the latter have a high percentage of nitrogen (casein) and a low per- 
centage of fat. Counting the protein content of the hard curds at 
65 per cent. Courtney*® calculated that the total loss of protein 
occasioned by their formation in the stools was from 0.06 to 0.95 gm. 

in 24 hours. 
. Bacterial Nitrogen—Methods for the separation of the fecal 
bacteria and estimation of the nitrogen contained therein have been in 
Vou. I—48 
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use for the past two decades; but so far as the writer can learn they 
have not been applied to the normal infant. Strasburger*!® found 
that on a moderate mixed diet the adult may pass as much as one-half 
of the fecal nitrogen in the form of bacteria, and this figure has been 
slightly increased by Mattill and Hawk?** using a more exact method 
of separation. In cases of infantilism McCrudden and Fales®*” found 
from 3 to 33 per cent. The relative losses of total nitrogen under the 
influence of putrefactive as against a fermentative flora in infancy and 
the distribution of nitrogen under the two conditions would seem to be 
a subject worthy of investigation. 

Utilization of Fats.—The quantitative determination of fat in the 
feces of infancy is even more important than is that of the nitrogen. 
As in the case of nitrogen some of the fat always has its origin in the 
body itself from the intestinal secretions and some of it from the food. 
In the feces of the professional fasters Cetti and Breithaupt, Fr. 
Miiller**? found 1.2 and 0.57 gm. of fat daily. In the single infant 
studied by Keller (p. 741) after feeding ‘‘ protogen”’ which contained 
no fat, there was a daily elimination of 0.0276 gm. fat and fatty 
acid, while in the adult, as Van Noorden*? has shown, it may happen 
with a very low intake of fat that the fecal fat actually exceeds the 
fat in the food. This can scarcely ever be the case with the 
infant. 

Regarding the nature of the fat in the feces it has been claimed by 
a number of observers*” that on account of the more ready digesti- 
bility of fats containing the lower fatty acids, the higher fats pre- 
dominate giving a higher melting point of some 8°C. above the food 
fat. Hecht'’® on the other hand maintains that this can scarcely be 
true of the infant, for even the very small difference in olein content of 
mother’s and cow’s milk is discernible in the stools. Cowie and 
Hubbard® support the view that a physical change takes place in the 
fat while passing through the alimentary tract with the following 
observation. ‘‘Before ingestion a centrifugal test shows a clear 
fluid, yellow, fat layer which becomes more firm as it cools. It remains 
however in this clear condition and is easily read on the scale. After 
_ the milk passes through the digestive tube a centrifugal test shows a 
denser and darker fat layer which solidifies at a higher temperature 
and contracts in such a way as frequently to cause it to break in the 
center. If the tube is immersed in hot water the fat column melts 
and again occupies its former position in the tube. There is evidently 
a change in the specific gravity of the fat after it has passed through 
the intestine.” 

So much depends upon the method chosen for the estimation of fat ~ 
in the feces and the methods have been improved so much in recent 
years that most of the older observations upon utilization can not be 
compared with modern work. Nevertheless a few of those made 
previous to 1910, summarized by Freund*®7 and vouched for as to 
reliability by him may be given. All those presented were healthy 
infants fed on cow’s milk. 
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TABLE 57.—UTIizaTIon oF Fat In ARTIFICIALLY-FED Wrauruy Inrants (From 


FREUND) 
a a a 
| We 
ee. hee Body Ried Food Fecal | Per cent. 
| weight fat fat utilization 

Keller ne..0 2) Joh 284 4900 28 milk 6.77 0.22 96.7 
Rubner and 

Heubner..... . | 74% .... | Whole milk 33.3 1.16 9625" 7 | 
L. F. Meyer....| 3 5750 | whole milk 25.56 | 0.74 97.1 || 
L. F. Meyer....| 3 tts whole milk 25.58 0.26 99.0 ‘ 
Birk i, ee eed -| 41 | 3930 | Milk, barley Oe oliy| oul99 18.085] 
Binkeae Alte 35 ts 9 5600 | Milk, malt barley} 14.21 a 92.2 
Binks asst Ratt: 1044 5990 | Milk, malt barley | 14.33 at 91.9 
Se ere a Gs ee le Ve 


With a single exception the utilization is above 90 per cent. 
Freund’s complete table which includes studies made upon bottle-fed 
babies suffering from various types of alimentary and constitutional 
disorders, shows that the utilization is very rarely lower than this 
figure under any circumstances. 

Turning now to more modern results it will be of service to describe 
briefly the methods which have been worked out in this country both 
for rapid clinical examination of the stools with reference to total fat 
and at least one method for the separation of fecal fat into its most 
important fractions; namely, soaps, free fatty acids, and neutral fat. 
For special constituents like the volatile fatty acids, cholesterol cholic 
acid, etc., other methods**? must be employed. 


Rapid Methods for Determination of Fat in Stools. (1) Centrifugal Method of 
Cowie and Hubbard.8* The Sample.—If pulverized stool is examined, one-quarter 
(0.25) gram should be carefully weighed. If fresh or moist stool is examined, one- 
half (0.5) gram. An inexpensive prescription balance is sufficiently accurate for 
clinical purposes. For more careful work an analytical balance is of course neces- 
sary. The stool, if dry, is best weighed in a poised watch glass and transferred to 
glazed paper. Moist stool is quite easily removed by means of spatula from 
glazed paper on which it is weighed, or from the watch glass, by means of water. 
The sample is carefully rubbed up in a thin-lipped mortar. A maximum of 20¢.c. 
of warm (40 to 50°C.) distilled water is used to transfer the mixture to a Babcock 
milk bottle graduated in fiftieths. A little practice enables one to transfer the 
entire sample with the first 10 c.c. of water, leaving the remainder to rinse off the 
mortar and pestle. 

1. To the sample, now thoroughly mixed 17.5 c.c. H2SO. (1.84) is added. 
Great care should now be taken to mix thoroughly by shaking the bottle back and 
forth vigorously (it should be remembered that all the organic material except the 
fat must be completely burned, or the test will be a failure). 

2. One cubic centimeter amyl alcohol is now added and thoroughly mixed. 

3. The tube is now carefully counterpoised and centrifugalized for three 
minutes at high speed. Enough hot water is then added to bring the fat into the 
graduated portion of the stem of the bottle. The bottle is again counterpoised, 
centrifugalized for one minute and the number of divisions on the stem occupied 
by the fat read off. Care must be taken to keep the stem hot and all readings 
must be made whileitishot. This is quickly accomplished by immersing the bottle 
in a pitcher or beaker of hot water. 
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Calculation.—If 0.25 gram of stool has been used, multiply the number of 
divisions on the stem of the tube occupied by the fat column by the factor Tae 
if 0.5 gram sample of stool is used, multiply by the factor 3.6; the result is the 
percentage of fat in the sample examined. 

To determine the amount of fat in the 24-hour sample of stool, the stools may 
either be weighed when passed, or they may be kept in a moist chamber and 
weighed at the end of the period. The former is the better method for, by this 
means any loss or gain in weight may then be detected and accounted for. The 
stool from which the sample is taken must be thoroughly mixed. From the known 
weight of the stool the total amount of fat is readily estimated. With a little 
practice a complete test can be made in ten minutes. 

According to the authors this method is not subject to as many errors as the 
extraction method of Folin and Wentworth, and it gives more concordant results. 

2. Nephelometric Method of Laws and Bloor.2*: Procedure.-—The whole stool is 
weighed to centigrams on a previously weighed porcelain plate and then thoroughly 
mixed with a spatula. A dry and clean 100-c.c. graduated Erlenmeyer flask, 
together with an 8-cm. filter paper is weighed to milligrams. About 0.5 gm. of the 
mixed stool is spread out in a thin and even layer on the filter paper, then the paper 
and flask weighed again. The difference between this weight and the original 
weight of flask and filter paper is the amount of stool taken. 

To the flask are added 60 to 70 ¢.c. of a mixture of three parts redistilled 
alcohol and one part redistilled ether, and five drops of concentrated hydrochloric 
acid. The filter paper should be entirely immersed in the liquid. The flask is 
connected with a return condenser and boiled for 45 minutes, then cooled under the 
tap with shaking and made up to volume with alcohol-ether, mixed and filtered. 
The filtrate is usually water clear, but may have a slight tinge of green or brown. 

Determination.—Five cubic centimeters of the extract are measured from a 
pipet, with stirring, into a small beaker containing 50 c.c. of distilled water. To 
the standard and to the test solutions are added simultaneously 10 c.c. portions of 
dilute (1:4) hydrochloric acid with stirring. The solutions are allowed to stand for 
five minutes, after which they are transferred to the comparison tubes of the 
nephelometer. 

The two tubes are filled to the same height with the solutions and are placed in 
the nephelometer with the standard tube always on the same side. (If bubbles 
appear on the walls of the tube it is important that they should be removed by 
inverting the tube two or three times. At the end of the readings again examine 
the tubes for bubbles and if they are present the tubes should again be inverted 
and another reading made.) The movable jacket of the standard is usually set at 
50 mm. (on the original Richards Nephelometer) or at 30 mm. in a modified 
Duboseq colorimeter as described by Bloor. The comparison is made by adjust- 
ing the jacket of the test solution until the illumination of the solutions are equal. 
At least five readings are taken alternately from below and above and the average 
taken as the correct reading. The readings are inversely proportional to the 
values, and calculations are made as in the colorimetric methods. 

Standard Solution.—The standard solution used is an alcohol-ether solution of 
equal parts of pure stearic and oleic acids, of which 5 ¢.c. contain 2 mg. of fat. 
Equal amounts give readings closest to the results obtained by the Folin-Went- 
worth and the Kumagawa and Suto methods. 

The nephelometric method as above will give consistent results to within 5 
per cent. of the results obtained by the older methods, and is therefore adequate 
for all clinical purposes. 

In the authors’ hands this method gave results which were usually within 3 
per cent. of the Folin-Wentworth method. 

Distribution Method of Roese and Gottlieb,*** as modified by Holt, Courtney 
and Fales.*°° Procedure.—One-gram samples of thoroughly dried and powdered 
material are weighed into small evaporating dishes. One-half of these samples are 
used for the determination of total fat and the other half for determination of the 
unsaponified fat; that is, the neutral fat and the free fatty acids. To each sample 
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which is to be used for the determination of total fat there is added about 10 c.c. 
of dilute hydrochloric acid (one part of concentrated hydrochloric acid to three 
parts of water) and te those which are to be used for the determination of the 
unsaponified fat there is added the same volume of water; that is, about 10 c.c. 
The dishes are then placed on a water bath and left there until contents are tho- 
roughly heated and disintegrated. The homogenous mixture from each dish is 
then transferred to a Rohrig tube and washed in, first with sufficient water to 
bring the contents of the tube exactly to the mark designating half the capacity 
of the portion below the faucet, then with 95 per cent. alcohol until the tube is 
filled to the level of the faucet. There is then added 25 c.c. of ethyl ether, free 
from non-volatile matter, and the tube is shaken vigorously for a half a minute; 
there is then added 25 ¢e.c. of petroleum ether (boiling below 60°C.) and the tube 
is again shaken for a half-minute. The mixture is allowed to stand until the upper 
liquid is perfectly clear. The layer of ether containing the extracted fat is then 
drawn off by the faucet through a quick-acting filter paper into a bottle of known 
weight. To make the extraction complete the process is repeated with 20 c.c. 
of both kinds of ether, For extreme accuracy a third extraction is made with 30 
c.c. of the mixed ether, which has been recovered from previous determinations. 
To insure against loss of fat, the tip of the faucet, the funnel and filter paper are 
washed with about 10 c.c. of mixed ether. 

The ether is distilled from the combined extracts by means of an electric stove. 
The distillate, composed of mixed ethyl and petroleum ether, is condensed and used 
for further determinations. The fat residue is dried over night on a water bath, 
then for several hours in an oven 98°C., desiccated and weighed. 

In order to determine the free fatty acids the extract from the non-acidified 
samples is used. After the fat has been dried and weighed, it is dissolved in 
benzol, heated and titrated while very hot with tenth-normal alcoholic sodium 
hydrate. Phenolphthalein is used as an indicator and the titration is carried to 
the maximum color. The alkali used is standardized by stearic acid, dissolved 
in hot benzol. 

The difference in weight between the extract from the acidified material (the 
total fat) and that from the non-acidified material (the neutral fat and free fatty 
acids) is the weight of soap fat. The difference between the weight of the non- 
acidified extract and the weight of the free fatty acids, computed from titration 
figures, represents the neutralfat. The following is an example: 


(A) Weight of extract from acidified sample............... 0.38 gms. 
(B) Weight of extract from nonacidified sample........... 0.24 gms. 
Difference between A and B. Fatassoap.......... 0.14 gms. 
(CO) SP itra tion, Oe Ly ernst rere gte i RES TST GHomec: 
Equivalent weight of free fatty acid................ 0.17 gms. 
(1e.c. tenth-normal NaOH = 0.0284 gm. stearic acid) 
Difference between Band C. Neutral fat............ 0.07 gms. 


By means of the last named method a very important series of 
observations has been carried out by Holt and his assistants on a wide 
range of subjects. In the first study?°! on fat in the stools of breast-fed 
infants they set themselves the following questions: (1) What is 
normally the per cent. of total fat and what is the distribution of fat 
as soap, free fatty acids and neutral fat in the stools of healthy breast- 
fedinfants? (2) What is the difference in fat content and distribution 
of fat between normal and abnormal stools? (3) Does the amount 
and distribution of fat in the stools of healthy breast-fed infants vary 

-with the per cent. of fat in the milk and with the amount of fat intake? 

Thirty-four different infants ranging from 10 days to 10 months of 

age served as subjects. Thirty of them were well-nourished and with 
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few exceptions were gaining normally. In the majority of the infants 
the authors state that ‘the appearance of the stools was typical of 
normal breast-fed infants, largely yellow, granular or pasty, very acid 
to litmus, with acid, aromatic, not unpleasant odor.”” A number of 
the children however had distinctly abnormal stools being markedly 
green and containing much mucous. 

The following table gives a summary of the analyses: 


TasLe 58.—AVERAGES OF ToTraL Fat anp Fat DistrisuTION IN STOOLS OF 
HmautTHy, Breast-reD InFants (HouiT, CourTNEY AND FALsEs) 


Percentage of total fat as 
Dry 
Number aes weight | 
1 
Petits Description of stoo Age range fat, ree Oe 
per cent. Soap fatty f 
= at 
acids | 
15 Normal, yellow...... 3 weeks to 6.5 months | 42.1 57.8 26.3 15.9 
15 Partly green, some 
MUCOUS Aeite e a ee 4 weeks to 5 months 36.6 33.1 47.2 1k v4 
13 Entirely green, much 
MUCOUS. sf aelaee eeee 6 weeks to 10 months 23.0 37.7 36.7 25.6 
Grand/aiveraget 05. £47, ao Ge dt, AME Te Sen dal | 84.5 43.1 36.7 20.2 
| 


The most noteworthy differences are the much higher free fatty 
acids of the second group and the low total fat in the third. The latter 
is explained by the presence of a large amount of mucous. Since this 
type of stool is usually an indication of an abnormal intestinal con- 
dition accompanied by a larger total excretion of feces the total daily 


TasBLe 59.—UtiizaTion or Fat py Norma BrEAST-FED INFANTS (Hott, 
CouURTNEY AND FALEs) 


Ee 


Intake pe Per cent. 
Case Age grams fat | a sabes of intake | Condition of child 
daily anes utilized 
l 
/ 

BB IV ade cas Gis 13 weeks 42.5 | 0.31 99.2 | Gaining 

Daa Reereeresnenek 10 months 33.0 | 0.27 99.2 Healthy, gaining; stool green 
and full of mucous 

Rs 2 Pre suee tye = 9 weeks Sh. 1.61 94.9 Excellent condition; gaining 

a Bie Sai 5 5 ee 3 weeks 37.7 1.95 94.8 Excellent condition; gaining 

Dc Dench. cree ae. 3.5 weeks 41.9 2.26 94.5 Excellent condition; gaining 

J. M 4 months 10.6 0.62 94.2 Gaining very little; mother’s 
milk abnormally low in fat 
and sugar 

Wilitinetartiata tere 3 months 19.8 5.22 93.9 Well-nourished but not gain- 

aris ing at time of observation 

hws a are evhiecs in 6 weeks 9.8 0.94 90.3 Gaining; previously maras- 
mus 
AVOLa men inGs shat Oke We Ne Oe Coy ed ee eee 95.1 
| 
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loss of fat, the authors think, would be greater than occurs in children 
with normal stools. Table 58 answers the first question (given 
above) as to the normal distribution. It was found in accordance 
with the prediction of Folin and Wentworth! that when a large com- 
posite stool was analyzed first in the fresh state and also after drying 
that there was a material increase in the percentage of soap at the 
expense of the free fatty acids, some of which, being volatile, were 
lost in the process of drying. 

The utilization of fat by those children of the entire group whose 
intake of fat was definitely known is given in Table 59. 

In a second study Holt, Courtney and Fales analyzed 128 stools 
frdm 77 infants ranging from 2 to 18 months of age, who were fed on 
modifications of cow’s milk. The digestion of the larger number was 
quite normal; but some were suffering from disturbances of digestion 
of varying degrees of severity. A summary of these results is given 
below. 


apie 60.—AVERAGE Tota Fat AND Its DisTRIBUTION IN THE STOOLS OF INFANTS 
Frp on Cow’s Mitx Mopirications (Houit, CourTNEY AND F AEs) 


Analyses of stools 
Intake 
Number Bint Fat Per cent. of total fat as 
Type of stools of obser- z : 
Z grams per cent. 
vations Peli died 
wy a ae ; Free fatty | Neutral 

weight Soap acids fat 
AO OAStIDAEGG so vine tgiaei 3 = 1, 4 19 22.9 36.0 73.8 17.6 9.0 
IWormiaies. 200408 © 92 = Le 31 24.0 36.2 72.8 16.5 9.4 
Softer than normal.......... 16 AAU st5) 31.9 59.8 24.5 11.9 
Not homogeneous........--- | 16 165.0 32.7 44.6 19.3 22D 
OORGa stiles oan ee lcksiys smu 1s 2 12 23.3 30.2 30.6 16.6 55.1 
PARTNER. oe se ete as = | 26 19.5 33.4 12.4 30.4 61.6 
Severely diarrheal.........-- 8 19.4 | 40.7 8.8 38.1 56.4 


ope a RE pe te es EEE 


This table supplies the answer, for bottle-fed babies, to the first 
question which was propounded for the breast-fed infants. It will be. 
noted that the constipated stools have the same average percentage 
of total fat and of soaps as the normal stools; and that the total fat 
average is highest for a group which had severe diarrhea. 

The distribution of fat varies much according to the type of stool. 
The high soap values occur among those whose appearance was 
normal, and the low values among those showing by gross appearance 
some evidence of digestive disturbance. The falling off of the soaps 
as the stools become more and more abnormal is accompanied by a 
compensating increase in the neutral fat. The reason is obvious. 
The more rapid passage of the contents through the alimentary tract 
afforded less opportunity for cleavage and for soap formation. The 
average utilization of fat by these infants is shown in Table 61. 
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TaBLe 61.—AvERaGe UriizATion oF Fat sy Inrants Fep on GCow’s MILK 
Moprrications (Hout, CouRTNEY AND FALEs) 


Number | Intake of aes eine Per cent. 

Type of stools of obser- fat, grams ernie viaghe of zie 
vations daily daify aay utilize 
Constipated......... 11 27.1 2.74 24.4 89.9 
INOVIM Al epee fone osye 2 18 26.7 2.33 24.4 91.3 
Softer than normal... 14 23.0 2.79 20.2 87.9 
Not homogenous..... 12 19.6 2.16 17.5 89.1 
LOOSE: Pa, sss ee 12 23.3 3.74 19.6 83.9 
Disrrhes iiss. eee | 22 21.6 4.47 a7 Sik 79.3 
Severely diarrheal... . 7 21:3 8.84 1225 58.5 


The average utilization, even among the subjects whose stools 
were perfectly normal in appearance, was not quite so good as among’ 
the breast-fed. The authors conclude from these studies that there 
was no definite relationship in either group between the daily fat 
intake and either the utilization or the distribution of fat to the 
different fractions. For further information regarding abnormal 
conditions the original papers should be consulted. 

Utilization in Children above One Year.—The third study of Holt 
and his collaborators was made upon 134 collections of feces from 62 
children from one to ten years of age. The larger number of these sub- 
jects were in normal condition both as to general health and digestion. 
Only these will be considered in this connection. They were divided 
by the authors for the purpose of presentation into three groups: (1) 
children fed on milk alone or on bread and milk or cereal and milk, 
whose stools were normal in appearance; (2) children on mixed diet 
containing a liberal portion of milk whose stools were constipated; and 
(3) children on mixed diet of the same character whose stools were nor- 
mal. ‘The average results are concentrated in Table 62 and with them 


TaBLe 62.—AveERAGE ToraL Far anp DistRIBuTION IN Stoots or InFAnTs 
CoMPARED WITH OLDER CHILDREN (Hoit, Courtney anp Fauns) 


Analysis 
Num- Intake 
Per cent. of fat as 
Group ber of Character of stools etien ey 
stools grams | per cent. F 
daily dried fe. Neutral 
feces | fe savty fat 
acids 
L 
Infants on milk modi-| 30 Normal << etek 24.0 36.2 2x8 6.5 9.4 
floationbrnii assay 19 Constipated......... 22.9 36.0 73.8 720 9.0 
Children on milk or 5 
‘milk with bread and 
Cereal. eet eae 10 Normal or constipated| | 29.6 30.7 60.9 | 25.1 14.0 
Children on mixed} 41 Nioniiel sss aera i 40.5 18.0 45.1 | 27.4 27.6 
iets.  heuMacoss 21 Constipated......... 40.9 20.1 47.9 | 26.5 25.6 
er eeeeemmmnmmema merce ae we a 
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are given by way of comparison the same data for normal infants on 
cow’s milk modifications whose stools were either normal or constipated. 

By “‘normal stool” in the group now under consideration is meant, 
in the words of the authors, “‘a stool which was smooth, homogenous, 
not hard, showing no mucous or undigested foods.” The reaction to 
litmus of the stool as passed was, in the majority of cases, decidedly 
alkaline; in a few it was amphoteric, but never acid. 

Table 62 shows that in both the infants and older children the 
agreement between “normal” and constipated stools is very close, 
confirming the idea that constipation is chiefly a question of water 
content. The ash content was estimated: in the normal and con- 
stipated stools of the older children and found to be 18.7 per cent. of 
the dry weight for the former and 19.8 per cent. of the latter. As in 
the case of the infants fed on milk exclusively, so in the older children 
there was no change in the relationship between total fat and soaps on 
the one hand, and total fat and fatty acids on the other, when the 
stools were dried (p. 757). 

The table above shows a marked difference in the distribution 
of fat to its several fractions in stools from solid or mixed foods as con- 
trasted with stools from milk alone. The percentage of total fat to 
begin with is only half that in the stools of bottle fed infants, the per- 
centage of fat as soaps is much lower, the fatty acid and neutral fat 
both higher. In the absence of the absolute data as to the several 
fractions it is a little difficult to place a satisfactory physiological 
interpretation upon these differences. By a round-about calculation 
we can arrive at some of the data needed. Thus since the average 
utilization in the older children (Table 63) is 94 per cent., the loss of 
food fat in the feces was (6 per cent. of 41 gm.=) 2.46 gm. daily. In 
the infants on cow’s milk the utilization (Table 61) was 90.5 per cent. 
and the total loss was (9.5 per cent. of 23.5 gm. = ) 2.23 gm. daily. 
This amount of fat, nearly the same in the two groups, we learn, was 
roughly 19 and 36 per cent. respectively (Table 62) of the total dry 
weight. It follows that the total dry weight of feces daily was almost 
twice as much on the average in the older child as in the infant. The 


TaBLE 63.—AVERAGE UTiizATION orf Fat IN CHILDREN ON Mrxep Diner Com- 
PARED WITH INFANTS ON Cow’s Mixx (Hout, Courtney AND Faues) 


Intake Fat in Fat Beet 
f 1 of fat, stools, utilized, heetaiates 
Character of stoo sitet site ath in 
i i utilized 
daily daily daily 
3 in —s 
Infants on usual milk | Constipated........... Zid 2.74 24.4 89.9 
modifications. Normal Arc vritaos ssn 26.7 Zac 24.4 91.3 
Children on milk or milk 
with bread and cereal..| Constipated or normal. . 29.6 2.76 26.8 90.6 
Children on mixed diet. | Constipated........... 41,2 2 51 38.7 93.9 
INotemormiliccrerc piass claps. 40.1 2.38 ohiewé 94.0 
IN DUUIAL. hientecr este ee" 40.8 2.48 38.3 93.9 


pests BR Lestat BG Lp ME are oe i ER A CE RRS oe he DRS 
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low percentage of fat is due in part to the high percentage of other 
constituents in the feces. However, the total fat is nearly twice as 
great in absolute terms and the utilization is much better. These two 
facts indicate that some other factor is responsible for the relatively 
high elimination of fat in the stool of the infant on milk*alone. 

Directing attention for a moment to the soaps of the two classes of 
stools it is found that somewhere in the neighborhood of 1.6 gm. of 
soap is eliminated daily from an intake of 23 or 24 gm. fat in the infant, 
while approximately 1.1 gm. are eliminated from an intake of 41 gm. 
in the older child who has had solid food with the milk. Something 
may hinge upon the question of the kind of fat which will be discussed 
a little later. It is learned from Holt’s detailed tables, however, that 
a considerable portion of the extra fat (aside from milk) which was 
given was butter. Other items which recur frequently in his tables 
are nut butter, corn oil, and eggs. Quite probably some of these are 
not so digestible as is the fat of milk. The higher absolute and relative 
amount of neutral fat in the stool indicates this. But the high fatty 
acid fraction in the stools of older children together with lower soap 
fraction means apparently that not so much alkali has been available 
to the older child for the formation of soaps. We need look no further 
than the milk itself for the source of this alkali. It is well known that 
cow’s milk carries a high percentage, relative to mother’s milk, of 
calcium present as phosphate and that this calcium in so far as it is 
soluble can unite with the fatty acids to form insoluble soaps. Holt’s 
table therefore furnishes a good instance of the larger loss of fat in 
bottle-fed babies, as contrasted with older children receiving other 
foods, in the form of calcium soaps. In the older child a part of the 
fatty acids which would be carried out by the calcium, if milk alone 
had been fed, escaped as such. 

Factors Influencing Utilization of Fat—The question which has 
just been touched upon is one which has agitated pediatric circles both 
here and in Europe more or less for the past twenty-five years. In 
Europe the emphasis was first placed upon the danger of high fat 
feeding” as predisposing to a “‘relative acidosis,” to use the phrase 
of Stutz, by withdrawal of alkali in combination with fatty acids; while 
in America warning has been raised against the possible over-feeding of 
calcium?’ in cow’s milk and the consequent interference with absorption 
of fat by formation of insoluble soaps. The first phase of the 
matter just mentioned may be deferred for discussion under the topic of 
‘“‘ammonia in the urine” with which it is more intimately connected 
But the influence of calcium on the utilization of fats is one which 
should be disposed of here. 

Ty Caleium.—Hecht!™ raised the alarm concerning the danger of 
excessive losses through the formation of insoluble soaps in connection 
with an investigation on the ‘‘milk food-injury”’ of Czerny. His idea 
was that a continuous output of soapy stools betokened a low-grade, 
but always chronic disturbance to the absorption of fat. Bahrdt?® in 
taking up the question a couple of years later after making careful 
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analyses by means of the Kumagawa-Suto method arrived at the view- 
point that the relation of neutral fat to.soap-fat not only was dis 
turbed, but there was even an increase in the elimination of total fat. 
Several other observers!**.“89 using equally good methods found on the 
contrary that the utilization was just as good or nearly so as in normal 
stools. Niemann*” indeed with 39.7 gm. fat in the food of an infant 
and in spite of a large amount of fecal fat (63 to 66 per cent.) in the 
form of soap observed a utilization of 96 per cent. Impressed with the 
findings of their exhaustive analyses of the mineral constituents of 
milk, which are given in Table 64, Bosworth and Bowditch have 


TasLE 64.—Forms in Wuicnh MinerAt ELEMENTS ARB PRESENT IN MILK 


: In 100 c.c. cow’s | In 100 ¢.c. human . 
Organic ee Se) 
milk, grams milk, grams 

S. with casein and albumin............. 0.022 0.001 
P. with casein and albumin salt combi- 

iNERULOL ES oes Oe Be ee os en 0.022 0.001 

Ca. combination with protein........... 0.054 0.024 

Dia Gas phosg Ca BO is ck nal sc rec oc es 0.175 0.000 

Mono. mag. phos. MgH,P.O............. 0.103 0.027 

Di potas phos: Kell PO yess. os one su as 0.230 0.000 

Mono, potas. phos, KH>PO,-..-...-..- 0.000 0.069 

Potas-citrate ©. HrOrhyersee ee 0.052 0.103 

Sod. citrate CsH;O0,Na3../............. 0.222 0.055 

FSG] Eels ee cee ORS Erark as OMT SCO SLES fo ee Malas 0.119 0.059 

dipO}ely Lose) See a Me) 4 A OAIE A cet ome ARS TR SPER Cee trace trace 

Pata Saba ye Sor, eas eee Pest). ole | 0.955 0.3387 


ae attention to a slightly different aspect of the matter. Notwith- 
standing the high calcium content of cow’s milk the calctum metabolism 
of the infant fed with it, measured by the Ca present in the urine, is 
‘seldom greater and often is less than that found in breast-fed infants,” 
most of the calcium being eliminated in the feces as insoluble phosphate 
‘ and soaps. Inso far as calcium is already insoluble as the diphosphate 
it is of no use to the infant. But in so far as it is already soluble, as 
caseinate, or is rendered soluble by action of the hydrochloric acid of 
the stomach, it is a menace in that: (1) it removes phosphate of 
exogenous (food) or endogenous (alimentary secretions) origin; (2) it 
ties up with fatty acids as insoluble soap and thereby prevents absorp- 
tion to this extent; and (3) if still in excess, it enters the circulation and 
has toxic effects. The authors present a table showing that the elimi- 
nation of calcium soaps in the stools increases directly in proportion to 
the degree of solubility of calcium in the food and in the case of foods 
containing calcium caseinate or the caseinate plus acetate the urine is 
rendered phosphate free.** As evidence of the toxic effects of calctum 
the authors offer the following experiment.*® Feeding a large amount 
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of para-casein (containing calcium as caseinate) with cream and lactose 
but without the salts of whey produced a temperature of 102.4°F. 
accompanied by lactic acid in the urine and increased elimination of 
creatin and uric acid indicating katabolism of tissue. The toxic 
condition is explained as follows. ‘‘The digestion of fat and protein 
within the intestine results in the production of acids, fatty acids from 
fat and amino-acids or polypeptic acids from the proteins. These acids. 
do not remain as free acids but immediately unite with the bases present. 
in the intestine to form salts, the soluble salts being absorbed, the 
insoluble salts being eliminated in the feces. In the presence of the 
large amount of calcium carried into the intestine in combination with 
the casein many more of these acids form calcium salts than would be 
the condition under more normal circumstances. The soluble organic 
salts are carried to the tissues and the organic part used for vital 
activities leaving as refuse the base calcium which has acted simply as. 
a conveyor and neutralizer. Under normal conditions this calcium 
would form chlorid or phosphate and be eliminated in the urine 
immediately. Under the conditions of this experiment there was no 
chlorin available for such purpose and very little phosphorus. The 
result is an accumulation of calcium until a toxic condition is reached 
and then, during the fever, an abundant elimination of soluble calcium 
lactate.’ In this way is accounted for the toxic effects of high protein 
feeding in the absence of whey salts in experiments reported by Holt, 
Levene and others,!** in which a temperature of 105.2°F. was produced 
together with other toxic symptoms. The beneficial effect of Finkel- 
stein’s protein milk is explained on the ground that the mineral content. 
approximated very closely both in amount and form the mineral 
content of breast milk. In order to feed high fat without harmful 
effect Bosworth and Bowditch recommend the use of a “reconstructed 
milk” with a much lower percentage calcium. While the danger of 
high protein feeding without whey salts may be accepted upon the 
physiological grounds urged by Bosworth and Bowditch, there seems to 
be no doubt that they, like Hecht and others, have magnified the injury 
which may result from loss of insoluble soaps by feeding ordinary 
modifications of cow’s milk. Holt, Courtney and Fales,'®® like Freund, 
Niemann and others are able to point to numerous instances (p. 761} © 
of fairly high fat intake followed by elimination of a high percentage 
of soap in the stools, but where there was nevertheless a very satis- 
factory utilization. Furthermore in experiments directed expressly 
to the purpose Holt?°* demonstrated that in normal, bottle-fed infants 
there is no constant relation between the excretion of total fat and 
the excretion of calcium in the stools. The calcium excretion is much 
more closely related to calcium intake than to the excretion of soap. 
Fife and Veeder™® had reached the same conclusion in their study of 
fat utilization in atrophic infants. In cases of very poor utilization of 
fats such as were obtained by Givens!®? in feeding ethyl palmitate and 
unneutralized palmitic acid to dogs the output of calcium by the feces, 
as would be expected, may be very considerably increased. 
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2. Kind of Fat——Another factor in the utilization of fat is the 
nature of the fat itself. Arnschink?! many years ago published experi- 
ments on dogs showing the effect of melting point upon digestion and 
utilization of fats which Van Noorden“® used to calculate the probable 


fecal losses from the different pure fats in human metabolism. The 
table follows: 


‘TABLE 65.—INFLUENCE or MELTING Point on UTILizATION oF Fats (ARNSCHINK) 
ee een a ot Re ee ER SVEN EE IES 58) Eos <i ats Oe oes 


Kind Meinaponn hoe 
feces 
UGE TDS oe ei eee ene tne ee eres META IL S| 60°C. 86-91 
Mixture of stearin and mandel oil......... 5o-G. 10.6 
INE LCOaI aL Aust eee Cee oe eae tee ty oS A Be, 7.4 
ard oa e 4] M3 Lal i foe Sages Sy +> a ER 43°C. 2.6 
Worisgiatayepee? < Aus Rae es 34°C. 2.5 
HDOSCEES tees ae FIN e oe See ee 252C3 Dae) 
AOU SOMERS: UE as ces oso no ee eae ee eee fluid 23 


It is well known that the fat of milk is a mixture of a large number 
of different simple fats. The analysis by C. A. Brown®’ presented in 
Table 66 enumerates the fatty acids found, gives their relative melting 
points, molecular weights, and empirical formule, besides the relative 
amounts of each. 


TasLe 66.—AmounNTS oF Fatty Acips OBTAINED BY SAPONIFICATION OF 100 Gm. 
Butter (C. A. Brown) 


Melting 
Name Formula Molecular Amounts, points, 
weights grams Centiornne 

Dioxystearic acid. oie oop te CisH 3604 316 1.00 136.0 
Oleic acid Wont ara eksaures ote rele CisH 3402 282 32 ' 50 14 A 0 
SieavTic ACC... ba. cece CigH;,O2 284 1.83 69.2 
Pa lmiticzvacid  ac.2e> o one Ci¢6H 3202 256 38.61 62.0 
Myristic acid AA Pane, Chen! CysH 202 228 9.89 54 : 0 
Lauric acid Se RO Pe Cy2H2402 200 Ptoyfl 43.6 
Capric HG cee oe a Cs oH 172 OFoz ylbarl 
Caprylic acid...........] CsH1eOz2 144 0.49 16.0 
CApIOIe ACIC.. 20-055. - CeHi202 116 2.09 2.0 
Butyriescid. 2.3 a.5 3% C1H;02 88 5.45 | 2.0 


In the light of this table it is interesting to learn from the analyses 
of Bosworth, Bowditch, and Giblin®* that the acid found upon saponifi- 
cation of the fat in the soapy stools of normal infants fed upon modi- 
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fications of cow’s milk is made up almost exclusively of oleic and 
palmitic acids, the acids which are present in largest amount in 
perfectly fresh butter. In an analysis they found out of a total of 12.3 
gm. of fatty acids, 2.9 gm. or 23.6 per cent. of oleic acid and 9.4 gm. or 
76.4 per cent. ‘almost pure’ palmitic acid. With this distribution of 
fats in the feces as against a much larger proportion of oleic acid in 
butter it is clear that the mixed fat does undergo a change in physical 
character while passing through the alimentary tract (p. 754). 

Recently an extensive study?” of the influence of vegetable fats, 
used in varying proportions in the food, upon the general character 
and composition of the feces of children receiving mixed diet, has 
given the following results (Table 67). The fat percentage of dried 
weight of the stools averaged somewhat lower when nut butter was 
taken and somewhat higher when corn oil was taken than when the fat 
consumed was mainly milk fat. When large quantities of corn oil 
were given the average was considerably higher. Along with this went 
a slightly higher percentage of soap. When vegetable fat formed a 
considerable part of the total fat intake the percentage of fat utilized 
was usually higher than the normal average. 


TaBLE 67.—ComPposITION or Fat in Sroots anD Far UtinizATION oF CHILDREN 
Receiving Mivk Fat wire TuHat In CurnpREN RECEIVING VARYING PRo- 
PORTIONS OF CorN Oi AnD oF Nut Butter (Horr et al.) 


Analyses of stools Utilization of fat 
iP t f total fat 
aes Reaction ae iti ages mane — : Intake} Fat oe 
Fat in diet per = fat in Pee cent. 
of stools Free | Neu- of fat, |utilized,) 
cent. | Soap feces, | of 
fatty | tral grams | grams | , 
es acida | fat) || S95 | dase. | dailyeh tees 
weight | daily y y ‘retained 

Fat mostly as milk) Alkaline....} 18.0 | 45.1 | 27.4 | 27.5 2.48 40.8 38.3 93.9 

Wr Dut eres) ates Acid verso. 15.1 .).32.8 | 31.3 | 35.9 2.38 40.1 Sy aey/ 94.0 

20 to 35 per cent. | Alkaline....| 14.7 | 36.3 | 29.7 | 34.0 nae 39.1 37.4 95.7 

fat as nut butter. | Acid....... EO 48) (35. 8. 2727 S6U5 oe 43.2 40.0 92.6 

35 to 70 per cent. | Alkaline....| 14.1 | 42.2 | 28.4 | 29.4 2.23 43.1 40.9 94.9 

fat as nut butter. | Acid....... 19.4 | 89.1 | 41.7 | 19.2 2.61 58.5 55.9 95.6 

35 to 70 per cent. 

fat ascornoil.... Alkaline... ./ 20.6 | 38.9 | 29.4 | 31.7 3.23 61.4 58.2 94.6 
70 to 95 per cent. 

fat as nut butter.| Alkaline....| .13.9 | 38.2 | 26.6 | 35.2 1.93 39.9 38.0 95.2 
70 to 95 per cent. | | 

fat as corn oil. Alkaline....| 31.7 | 30.3 | 36.0 | 38.7 4.80 56.2 | 51.4 91.5 


LU ' | 


3. Other Foods.—Several observers'**. 489 have noted that an abun- 
dance of milk sugar or malt soup or, as Freund expresses it, ‘“any- 
thing which promotes the formation of acid” by fermentation or 
otherwise will reduce the production of insoluble soaps. Anything 
on the other hand which induces putrefaction or production of 
alkali increases or at least favors the production of soaps in the 
stool. Freund’s table on the influence of carbohydrate is instructive. 
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TABLE 68.—INFLUENCE OF CARBOHYDRATE ON THE PRODUCTION OF INSOLUBLE 
Soap (FREUND) 


Daily fat | Insoluble 
Period |‘ Food supplement eee en oon nee 
| Intake, | Output, | cent. of total} utilization 
| grams | grams fat 

I Cerealnian attests | 14.39 0.487 46.7 96.7 

II Saccharin water...... 15.19 0.422 42.1 97.2 

Il MGS SsU rare ee ee. 13.74 0.682 13.8 95.0 

IV Cereal and sesame oil | 28.12 1.043 7.9 96.3 

Vv | Cereal and malt soup.) 15.23 0.940 5.9 93.8 


The greatest reduction occurs with milk sugar and malt soup. Because 
of the interference with soap formation in the intestine when milk sugar 
was added the output of fat is greater than in the preceding period and 
the utilization is lower. It is only in this indirect way that carbo- 
hydrate can interfere with utilization of fat. Talbot and Hill*!® ina 
single infant found that the utilization of total fat was not influenced 
by the amount of lactose in the diet except when an acid diarrhea was 
produced. Their findings confirmed the earlier results of Fife and 
Veeder!!9 in this regard. 

Freund, L. F. Myer, Bosworth and Bowditch and others have 
witnessed the increase of soaps under the influence of proteins. Freund 
states that even a simple addition of buttermilk to the food of a 
breast-fed child will change the characteristic breast stool of whatever 
type to a dry, formed or even solid evacuation with a gradually 
developing odor of putrefaction, in which the bilirubin has been 
changed to hydrobilirubin and the acid reaction has given way to 
alkaline. It should be remembered in this connection that evidence 
was given above (p. 761) against the conception that a dry, hard stool 
is necessarily very much richer in soap, and in favor of the idea that the 
main difference is water. Granting, however, that more soaps may be 
present (Table 62) Freund’s explanation seems to be perfectly plausi- 
ble. He declares there is nothing else present in the buttermilk which 
can produce the effect and finds that the same changes can be pro- 
duced by addition of nutrose. The position of Bosworth and Bowditch 
has already been given (p. 763). 

4. Alimentary Secretions—Since the digestion of fat depends so 
largely upon the pancreatic secretion and its absorption depends so 
largely upon the presence of bile in the intestine, we should naturally 
expect any failure of either of these secretions to alter very materially 
the utilization of fat, as well as the distribution of the fat to its several 
component fractions. A case reported by Finizio'” illustrates well the 
effect of interruption of pancreatic secretion. The case was one of 
acute pancreatitis following mumps in a child eleven months of age. 
After receiving for three days a test diet of 480 c.c. of milk, 240 c.c. 
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water and 10 gm. “‘Greiss” the child delivered a stool which showed 
5 per cent. only of the fat as soap, 11 per cent. as fatty acids and 82 
per cent. as neutral fat. Comparing this with the normal percent- 
ages seen in Table 59, page 758, it is obvious that the pancreatic func- 
tion was largely in abeyance. 

The case reported by Koplik and Crohn?*? on page 737, illustrates 
well the effect of suppression of bile upon the absorption of fat. Other 
cases have been reported by Niemann,” and by Parker.** In all of 
these not only was the total fat excretion enormously increased but 
the distribution of fats was also greatly changed. The three cases 
may be compared as in the following table: 


Taste 69.—Errect or SUPPRESSION OF BILE UPON FAT IN THE STOOLS 


| Distribution of fat as 
Cage ku Fat Utilization 
4 intake [Fatty acids| Neutral of fat 
and soaps fat 
my 
Koplik and Crohn....| 10 weeks 24.5 22.6 77.4 48.4 
INdemanme thes). anise 9 weeks 36.4 91.0 9.0 39.0 
Barker? .Jja. 3k brett 4years {112.0 | 63.8. | 36.2 | 55.0 


Obviously the degree of disturbance to fat absorption and utiliza- 
tion will depend upon the degree of suppression and upon the amount 
of fat ingested. In Niemann’s case the cleavage of fat apparently is 
not disturbed, although the absorption is interferred with more than in 
the other cases. 

Utilization of Ash Constituents.—In addition to the general technical 
difficulties attending the determination of mineral constituents in the 
excreta two special circumstances have served to delay exact informa- 
tion on the absorption of ash constituents in the body. One of these is 
the occurrence of inorganic constituents as necessary components of the 
alimentary juices, the excretion of certain of them by the wall of the 
large intestine and the utter impossibility of separating the portion 
originating in the food from that which originates in the digestive 
tract. The situation in this respect is much the same as with the 
proteins. The other circumstance is that relatively long observational 
periods are required because the metabolism of inorganic substances 
proceeds much more slowly than is true of organic snbstances. The 
field of mineral metabolism has been assiduously cultivated in spite 
of these difficulties and new knowledge is rapidly accumulating. In 
this section the only question with which we are concerned is the 
utilization of ash constituents—the amount as well as the influences by 
which it is varied within normal limits. . 

Since the milk of the cow differs greatly in the percentage of ash 
which it contains from mother’s milk, we should naturally expect 
the utilization from the two would be different. The following table 
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from Bosworth and Bowditch* gives the composition of the two milks 
both on the basis of the “ash in 100 ¢.c.”’ and in 100 e.c. of milk. It is 
necessary to make this distinction because “the process of incinera- 
tion leaves an ash in which the arrangement of the elements is alto- 
gether different from the original milk.” For example, part of the 
phosphorus is combined with casein, all of the sulphur is combined 
either with albumin or casein, some of the calcium is in combination 
with protein, some with phosphate, etc. Upon ashing the organic 
molecules are destroyed, the mineral elements are converted to oxides, 
and some of them (notably S and P) almost inevitably are lost by 
volatilization. For this reason the higher figures should be used. 


Taste 70.—Composition or Human Minx anv Cow’s Mixx (BosworTH AND 
BowopircH) 


Human milk Cow’s milk 
Mineral substance | 
In ash of 100| In 100 e.c. | Inashof 100} In 100 c.c. 
c.c. milk c.c. milk 
GON ests bt ca Gee eee 0.086 0.086 0.145 0.145 
INE a oe SAE oe a 0.020 0.020 0.074 0.074 
Os OR CE LET Me yeah Pate 0.050 0.050 0.201 0.201 
IVES ODS Set 47h, SS 0.005 0.005 0.022 0.022 
AO EA SLUTS. SAIN EMR TE EAS 0.038 0.038 0.076 0.076 
S10 PRS eee nae ee ae 0.002 0.004 0.025 0: 054 
PO RL oe oie eee 0.034 0.036 0.199 0.249 
| ; 
shotal: a Bs. sess: | 0.235 0.239 0.742 0.821 
Subtract O. for Cl...... | 0.008 0.008 0.017 0.017 
Mebtefalvcs uve. 0.227 0.231 O:725 «| 0.804 


Cow’s milk it will be observed contains twice as much chlorine and 
potassium (nearly), four times as much calcium, magnesium and 
sodium (nearly), eight times as much phosphorus and more than 
twelve times as much sulphur as mother’s milk. In addition to the 
quantitative differences are others of a qualitative nature which 
may be seen in the table from the same authors given on p. 763. Thus 
cow’s milk contains a considerable amount of its phosphorus as 
di-calcium and di-potassium phosphates; human milk contains none in 
either of these forms. Such differences as well as. those which affect 
_ percentages merely have their influence on absorption. 

Total Ash_—A number of estimations of the percentage utilization 
of the total ash have been made in recent years from which the follow- 
ing from Tobler and Noll,*° and Lindberg?” on breast-fed, and from 
Hoobler2%” and Holt, Courtney and Fales,?°> on bottle-fed infants may 


be selected. 
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TasLe 71.—Urimization or Tora ASH IN BREAST-FED AND BOTTLE-FED INFANTS 


Mother’s milk : , 
er cent. 
Author Subject | Abs. aiiheation Remarks 
Intake In feces 
Tobler aad Noll..... 214 months} 1.142 0.399 0.743 65 
“Ey aYe llo\s) ¢: aaa na I 244 months} 1.479 0.529 0.950 64 
II214 months} 1.471 0.582 0.889 60 
Cow’s milk 
Holt, Courtney and 
aleste cas seine le |Average of 7 children, 4 months to 10 months 60.0 
Hooblerss.h000. 1s I9 months 8.969 4,265 4.704 53.0 2.1 per cent. fat 
in food 
II9 months 9.481 3.139 6.342 66.8 4.0 per cent. fat 
in food 
| | 


It is remarkable that the utilization in the two groups should be 
so nearly the same. The result is quite out of harmony with older 
observations—for example: those of Wegscheider,*®* Uffelmann,**® 
Blauberg*® and Heubner.*? According to Biedert?® who worked over 
the analyses of Blauberg and compared them with average analyses 
of the two milks, the utilization of total ash in breast-fed infants is 
about 77 per cent. and that of infants fed on cow’s milk only 65.1 per 
cent. Biedert’s table is presented because of the interesting differences 
which he found in the distribution of ash constituents between the 
stools of two infants analyzed by Blauberg as well as between the two 
milks upon which they were fed. 


TABLE 72.—DIsTRIBUTION OF CONSTITUENTS OF SOLUBLE AsH IN STOOLS FROM 
Moruer’s Miik anp Cow’s Mix, as WELL as IN THE Two Mixs THEM- 
SELVES (BIEDERT, FROM SCHMIDT AND STRASBERGER) 


Tome Mother's Feces from m Cow’s 
milk milk cow’s milk milk 
Per cent. content of dry substance in ash.... Lear 1 rere 16.41 
Per cent. content of ash constituents soluble 
POEL Chin cifads «hxc Vata, eheesteeemenear eo peace 52:56. séeilens oat 69.01 
Per cent. content of soluble ash in—K20O...... 15.0 31.36 11.27 22.01 
NazO..... 4.2 D2 lee eee 6.99 
(are ees 31.15 16.59 34.69 21.88 
MrQ sonar 8.75 2.74 5.33 2.81 
Fe2O3..... 1.91 0.20 1.50 0.33(!) 
Chat vane 3.45 18.86 3.40 15.47 
10) Fee a | 3.81 2.45 2.62 0.58 
sO. steers 11.81 22.65 15.28 27.01 


It is evident from this table that the percentage of calcium, mag-— 
nesium, iron and of sulphate is higher in the soluble ash of the stool 
than in the milk which occasioned the stool; but that the reverse is 
true of the alkaline bases and the chlorides and phosphates. The 
differences are accounted for by the fact that all four elements of the 
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former group are excreted chiefly through the stool, while all four 
. of the latter are excreted mainly through the urine. The table shows 
also that with the exception of calcium and phosphorus there is a 
slightly greater amount (relative to total soluble ash) of all the elements 
in the stools of breast-fed infants. The utilization of ash by infants 
of different ages has not been studied by modern methods, so that the 
lower percentages given in Table 71 for breast-fed infants as compared 
with the older results of Blauberg and others may be due in some 
measure to an age difference. It is more probable that the methods of 
analysis in vogue twenty-five years ago were at fault. It may be 
noted in passing that the ash content of milk varies with the period 
of lactation (page 616) and that this applies to cow’s milk4# as well as 
to mother’s milk. The tables above must be accepted as representing 
average conditions as regards the composition of milks and, with the 
exception of Holt’s results, as individual instances regarding the 
composition of stools. 

Calcicwm.—lIf one mineral could be regarded as more important 
than any other whether in the normal or pathological metabolism of 
infants that element, to judge by the attention devoted to it in the past 
twenty-five years, would be calcium. Perhaps it is because the need 
of calcium for growth of the skeleton is so obvious and also because it 
has been regarded as representing one of the outstanding differences 
between mother’s milk and cow’s milk that so much attention has been 
centered upon this element. Its ready disposition to unite with 
fatty acids in the formation of insoluble soaps has made its presence in 
the stools conspicuous and the significance of the losses thereby 
incurred has been one of the storm centers of discussion. Another has 
been the question of form in which it is best administered especially 
in the treatment of rickets. This question is one of retention rather 
than utilization and need be considered here only as it affects utilization. 
A relatively small part (5 to 10 per cent.) only of the calcium intake 
normally appears in the urine, all the rest (not retained) being elimi- 
nated in the feces. Hence it would seem at first glance that the 
problem of retention (growth) is mainly one of absorption. Anything 
which favors absorption should favor growth. We must remind 
ourselves, however, that calcium is one of the few elements which is 
known to be excreted from the blood through the walls of the colon, 
the calcium percentage of dry weight in the contents of the large 
intestine, being actually higher than in the contents of the small 
intestine. Hence absorption in the upper bowel may be good, but if 
the calcium cannot be converted to use in growth of bone it may find 
its way out, possibly in the same experimental period, through the 
walls of the lower bowel. ‘This but emphasizes the fact that the real 
seat of calcium hunger as of oxygen hunger in energy metabolism 
(page 522) isin the tissues themselves. Filling the intestine with 
calcium or making it more soluble has no more effect upon growth 
than filling the lungs with oxygen has upon the general processes of 
oxidation. The stimulus to retention and growth must come from 
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within. Much debate over the matter of insoluble soap might have 
been spared if these principles had been kept clearly in view. Inciden- 
tally, the property of vitamines to promote both utilization and reten- 
tion not only of mineral elements but also of proteins doubtless will 
find its basic explanation in events beyond the alimentary tract. 

Following the discovery by Keller?‘ and Steinitz* that an increase 
of ammonia in the urine may be caused by loss of alkali through the 
feces came the observations of Rothberg?7’ and of L. F. Meyer*®® that 
much calcium may be lost by the stools when a high-fat milk is ingested. 
The anxiety to find an explanation of disturbances which follow high- 
fat feeding doubtless led to an exaggeration of the amount of such 
losses, and more careful comparison of the calcium content of normal 
stools would have shown that the difference is really not so great after 
liberal feeding of fat. At all events this has now been established by 
the observations of Wolff,46 Niemann,?2° Hoobler,?°’ Holt, Courtney 
and Fales, ?°°¢ for normal infants and by Fife and Veeder! for atrophics. 
Hoobler indeed claims that the utilization of calium in his one case was 
better on 5.4 per cent. fat than upon 2.1 per cent. Wolff’s and 
Niemann’s experiments also were made each upon a single infant. © 
The former gave first a meager diet upon which the child lost weight 
and later a full diet of whole milk. He could see no harmful effect of 
fat upon the calcium utilization. The latter kept the calcium intake 
constant while passing from a low (1.1 per cent.) fat to a high (4.0 per 
cent.) fat diet and likewise was unable to find any difference in 
utilization or retention of calcium. Holt’s work was more extensive. 
Thirty healthy infants all bottle fed, ranging from two to sixteen 
months of age were selected. The calcium intake and stool collections 
were exactly known; the calcium in the stools was determined by 
McCrudden’s?*? method. Grouping the cases according to the char- 
acter of the stools the following comparison was made. 


TaBLE 73.—RELATION OF AVERAGE CaLcIuM EXxcRETION TO AVERAGE Soap 
Excretion (Hott, CourTNEY AND FALEs) 


, Tatas | | Cad possibly soap, 
CaO CaO in : CaO 
Stool Num- intake, | stools, | 802P,12 possibly CaO Re peptags of 
tools ber of arenes pier, stools, held ag | 20t held = 

cases | daily | daily | 380% | soap | *#5°8P | CaO in| CaO 
y stools | intake 

Constipated......... 6 1.22 0.82 2.35 0.24 0.58 30.9 19.5 
Normal oki cceis eon 9 1.45 0.92 | 2.04 0.20 0.72 22.6 14.4 
Sot mormal...ar cs. 7 0.97 0.59 1.31 0.13 0.46 20.4 14.4 
Non-homogeneous. . . 7 BFL 0.64 0.90 0.09 0.59 20.3 10.1 


| | : | 


The last two columns of this table give the percentage of calcium 
in the food and in the stools which could have been eliminated as 
calcium soaps. The amount excreted in this form was never as much 
as half and seldom more than three-tenths of the calcium in the stools. 
It never rose to this proportion of the calcium intake. Constipated 


¥ 


DIGESTION AND ABSORPTION 773 


stools show a higher excretion as soaps notwithstanding a lower intake 
of fat than in the cases with normal stools. The column headed “ CaO 
not held as soap” gives the maximum values for calcium put out as 
phosphate. This fraction of the calcium also is influenced more by 
the intake than by the amount of fat excreted. 

The best utilization of calcium, it was found, occurred when the cal- 
cium intake bore a definite relation to the fat intake (0.045 to 0.060 em. 
CaO to each gram of fat) and when the total fat ingestion was fairly 
high (not less than 4.0 gm. per kilogram). With older children2°°4 
one to five years taking mixed diet, 7.e., milk with other foods, there was 
again no close relation between calcium excretion and fat intake or 
fat excretion. The calcium lost as soap was in most cases an insig- 
nificant part of the calcium intake, but the absorption of calcium was 
not good unless the calcium intake bore a suitable ratio to the fat intake. 

The following table gives the utilization of calcium by infants on 
mother’s milk and cow’s milk, calculated from a table after Orgler 
given by Czerny and Keller®* to which are added the results obtained 
by Hoobler. 


TaBLe 74.—UTILIZATION OF CaLcIum BY InFANTS on Morner’s MILK AND 
Cow’s Mixx (ORGLER) 


ikedise Food Daily Daily 
ethan ehild) eee output Per cent. 
: Hevacee pe et ane of CaO of CaO | utilization 
in feces 
Schlossmann............. 1 Breast milk 0.332 0.133 60 
Schicssmayn 2¥ a.c.c02,</o0 134 | Breast milk 0.423 0.242 43 
POTSGEs eres oe Sete sae Oe 1% Breast milk 0.279 0.211 24 
Tobler and Noll.......... ~ 26 Breast milk 0.239 0.148 38 
Michel and Peret ........| 234 | Breast milk 0.377 0.198 48 
GRADER o25 2a Soe S-s ona en he 334 Breast milk 0.364 0.163 55 
Blaaber ge 2a tks ee es 5 Breast milk 0.272 0.066 76 
Cow's milk 
Oa (oe tee oS ee 214 44 milk and 4 cereal soup, 0.702 0.559 15 
sugar 
POSISGD Ws Ciscke sree ath ctese x 2 214 Eiweissmilch 0.728 0.591 19 
Cronheim and Miiller..... 4 34 milk and milk sugar 13350 0.923 32 
SPORT ICE 9 a fb ils jones She. ¥'e 514 Maltsoup 0.611 0.185 69 
~ Cronheim and Miiller..... 6 34 milk and milk sugar L273 1.094 14 
Hrennd jsf. ogee Yo SA 8 14 milk, 4% cerealsoupand| 0.754 0.538 29 
malt 
INT OHEA I 3, /¢/ciccleis siebae x Gin 10 II period, 1 liter skim milk 1.638 1.285 21 
III -period, 1 liter fat, 1.798 1,051 42 
whole milk 
POG Her sale fais Se scobe eg 9 II period, 4.0 per cent. fat | 2.050 1.696 - 17 
: III period, 5.4 per cent. fat | 2.092 0.951 55 


The last two cases illustrate in a striking way the fact that the 
utilization of calcium from cow’s milk is not diminished by high fat in 
the food. No attempt was made by any of these observers to analyze 
the factors which determine the losses through the feces, or to separate 
unabsorbed calcium from calcium excreted through the intestinal wall. 
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This has been done by Orgler**® who reached the conclusion that the 
effect of milk fat is not to be referred primarily to its action upon the 
alimentary processes but to changes in the intermediary metabolism 
whereby the conditions for storage of fat are affected unfavorably, the 
result being an increased elimination of calcium. The much lower 
percentage utilization on cow’s milk which is evident in Table 74 
is certainly not to be ascribed to the formation of insoluble soaps 
but to the very large amount of calcium contained in cow’s milk, much 
of it already in insoluble form (p. 763). The calcium of dried milk may 
be in more suitable form for absorption; for Givens and Mendel!*? have 
found that 0.34 gm. CaO in this form was sufficient to maintain a dog 
in positive calcium, whereas 1 gm. of CaO in the form of calcium 
lactate was necessary to accomplish the same end. That the reaction 
of the stool may not be without significance in this matter of utiliza- 
tion is to be inferred from the demonstration of Blihdorn*’ that 
a precipitate of calcium phosphate from a solution of alkaline sodium 
phosphate and calcium chloride may be thrown down by the extract 
of an alkaline or neutral stool but not by the extract of a strongly 
acid stool. Addition of acid and base to the food, however, were with- 
out effect upon utilization in the experiments of Mendel and Givens. 

So far as the writer can find only one experiment has been made on 
the utilization of calcium in a breast-fed infant where special attention 
was given tothe influence of fat. Lindberg?®® studied the mineral meta- 
bolism of a two-and-one-half-months healthy infant while on a six-day 
period of mixed breast milk of known composition and then raised the 
_ fat by addition of fat of breast milk to 5.6 and 5.7 per cent. for a further 
period of six days. There was no increase in the formation of soap 
found in the stools, but there was more calcium in the stool so that the 
retention of calcium as well as its apparent utilization was affected 
unfavorably. Indeed in the second half of the fat-period there was a net 
loss of 0.033 gm. CaO daily. The author in his conclusions agrees 
with the position taken by Orgler, namely, that the unfavorable 
influence of fat upon the utilization of calcium by the infant must be 
referred to the intermediary metabolism. 

Support for this view may be seen also in the experiments of 
Kochmann*** and of Kochmann and Petsch?** on dogs. Feeding a 
calcium-poor diet of dog cakes or of horse flesh these observers noted a 
distinct dependence of the calcium metabolism upon the nitrogen meta- 
bolism. Calcium in the feces rose whenever the fecal nitrogen rose, 
and to maintain a calcium balance it was necessary to feed calcium in 
sufficient quantity so that the relation of CaO :N in the food was 1:3 
or greater. On a diet of horse flesh the loss of P20; was larger than 
corresponded to the N alone and was equivalent to the loss of CaO in 
addition when that element was calculated as the tri-calcium phosphate. 
The elimination of calcium took place almost exclusively through the 
feces. The authors conclude that the calcium loss comes from the 
skeletal system in the form of phosphate and serves in some way 
in the intermediary metabolism as a detoxicating material. These 
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results in turn recall those of L. F. Meyer®®! who found that adding 
protein to an insufficient diet for maintenance of weight in infants 
caused a poorer utilization of calcium, although the retention of total 
ash was improved. 

For a brief discussion of the influence of the antagonistic action of 
magnesium on calcium utilization, see below. 

Magnesium.—The utilization of magnesium so far as it has been 
determined in infancy is not so regular as is that of calcium. This may 
be due in part to the smaller quantities present and the consequent 
greater error in the analysis. The more recent and apparently more 


-TasLe 75.—UtiizATion of Maanestum In INFANCY 


MgO in 
Age, MgO stool Per cent. 
Auth 
artes months intake ——____—— | utilization RIG BIATS 
Breast-fed 
IBlanheresee iy ile ie, 5 0.047 0.016 73 
Hind bere ye. eis ct Es 24 =I 0.051 0.015 70 
a 0.048 0.024 ¢ 51 
Bottle-fed 
Hoobler ss sai62 ee 9 >. 12 0.078 0.030 61 4.0 per cent. fat 
aie 0.150 0.083 45 5.4 per cent. fat 
Holt, Courtney and 
WERIGH A. oe ee aranea ek tC aes Average of 7 normal infants, 2 to 10 months 43 


trustworthy results reveal a lower percentage utilization than did the 
older studies. Relatively more magnesium than calcium appears in the 
urine. The well-known antagonism between magnesium and calcium 
appears to play a part in the utilization as well as in the retention of 
both elements. This is well illustrated in the following experiment by 
Malcolm2* on the dog. Following a normal period calcium chloride 
was added to the diet and after another normal period magnesium 
chloride was added. The calcium had but little effect on the excretion 


TasLE 76.—INFLUENCE OF MaGNEsiuM oN Catcium Excretion (Matcoim) 
Subject—Dog of 7.7 kg. 


Fed Urine Feces Total Balance 
Ca Mg Ca Mg Ca Mg Ca Mg Ca -Mg 
1b Normal ae 0.394] 0.150} 0.019 0.038} 0.444] 0.100} 0.463) 0.138] —0.069] +0.012 
tH Os CF eee 0.588} 0.150} 0.016 0.048} 0.555} 0.098) 0.571) 0.146} +0.017| +0.004 
III. Normal...... 0.394] 0.150] (0.016) | 0.035] 0.442] 0.096} 0.458} 0.131) —0.069| +0.019 
IV. MgCle.,...-. 0.394} 0.319) 0.043 0.075) 0.484] 0.221] 0.527) 0.296) —0.133) +-0.023 


SS SS —LP——QVw 
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of magnesium by urine or feces but the magnesium produced a con- 
siderable increase in the excretion of calcium by both routes. This 
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effect of magnesium to increase calcium excretion was seen by J acoby*1? 
also in the human subject after the administration of magnesium 
sulphate in the treatment of tetanus. The observation is perhaps 
significant in view of the use of magnesium in the treatment of spasmo- 
philia®® and of tetanus neonatorum. , 

The behavior of magnesium to high fat feeding may be quite 
independent of that of calcium. Birk*® observed that its utilization 
is diminished when fat is high in the food and his observations have 
been confirmed by Hoobler.?” A harmful effect of carbohydrate in 
young infants was also seen by Birk but it was absent in the case of a 
10-months child. Holt and his colleagues? noted that in diarrheal 
stools the entire magnesium content of the food may be lost in the 
stool, from which they infer that magnesium is slow to enter into com- 
binations which favor its absorption. The same observers!98 studying 
the elimination of magnesium sulphate injected subcutaneously in 
infants found no increase in the stools. Magnesium, therefore, 
unlike calcium does not appear to be excreted from the blood by 
the colon. 

Phosphorus.—Because the utilization of phosphorus is so closely 
related to that of calcium and magnesium. it may be considered in 
this place. A rather large percentage of the phosphorus found in the 
“normal” feces has its origin in the intestinal secretions. This is 
proved by the experiments-of Lipschiitz2”° on the dog in which the per- 
centage of dry substance in the feces as phosphorus remained nearly 
constant at 0.6 per cent. notwithstanding large variations of total P in 
the food. Blauberg*t found the corresponding percentage in the stools 
of a healthy breast-fed infant to be 0.26 to 0.49 with an average of 
0.34 per cent. 

The principles governing utilization of phosphorus may be illus- 
trated by the following experiments of Oeri3*° on adults. When the 
food was of animal origin (rich in P and poor in Ca) the distribution 
of phosphorus to the urine and feces could be altered at once by giving 
calcium carbonate. Combining with the P.O; as insoluble phosphate 
the calcium carried the phosphorus out by way of the feces. Milk 
added to the diet had the same effect. When sufficient calcium was 
present for the purpose the P.O; of the feces could be increased by 
giving this element in the form of inorganic phosphates or organic com- 
pounds like lecithin and nucleic acid, containing phosphorus; for as 
soon as the phosphorus was set free from organic combination by 
digestion it behaved in the same manner as inorganic phosphate. 

In nutrition of the infant the loss of phosphorus by the intestine 
will depend upon the kind of milk fed. By reference to Table 64 on 
page 763 it may be seen how much cow’s milk differs from human milk 
as regards the salts present. In human milk there are no insoluble 
phosphates but only the soluble mono-magnesium and mono-potassium 
phosphate. In cow’s milk abouts two-thirds of the total phosphates 
are in soluble forms and one-third in the form of the insoluble di-caleium 
phosphate. In goat’s milk®? in addition to di-calcium there are also tri- 
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calcium, di- and tri-magnesium phosphates all of which are insoluble, 
while the soluble phosphate is the mono-potassium phosphate alone. 
The soluble phosphates in so far as they are not retained for growth, and 
the insoluble phosphates in so far as they may be broken up by the 
acidity of the gastric juice, are eliminated in the urine of the child. 

With high-fat in the milk some of the calcium set free from inorganic 
or organic combination which would otherwise be eliminated in com- 
bination with phosphorus combines with fatty acids and is eliminated 
as insoluble soap leaving relatively more phosphorus to-be eliminated 
through the urine. For example: Freund!** in two experiments on 
infants whose food was increased by the addition of butter fat or of 
cream obtained from breast milk observed an increased utilization 
of phosphoric acid from 37.6 to 46.5 per cent. in one case and from 46.0 
to 55.6 per cent. in the other. Hoobler’s?°’ case in three different 
periods with 2.1, 4.0 and 5.4 per cent. fat respectively showed a 
utilization of 67, 78 and 83 per cent. in the corresponding periods. 
Feeding cod liver oil improves the utilization*!? quite independently 
of the salts of the food, probably through the stimulus of its fat- 
soluble vitamine on the growth of bone and other tissues. 

In feeding fats combined with phosphorus (lecithin) to infants 4 to 
11 months (also one child two and one-half years) Cronheim and 
Miiller§* were unable to make out any difference in net utilization but 
found a slight increase in the organic phosphorus of the feces. Follow- 
ing Eiweissmilch Peiser**” found more phosphorus in the stool than was 
present in the food itself in proportion to the nitrogen. The com- 
parative utilization of P.O; in breast-fed and bottle-fed infants may be 
seen in the following table compiled from authors already cited. 


TaBLE 77.—UTILIZATION OF PHOSPHORUS IN INFANTS ON BREAST MILK AND 
Cow’s Mix 


pe P.O; in stools pent 

2 ) 9 

ee months Pep Relake Baaaat aut: utilization 
Tobler and Noll... 244 0.210 0.034 84.0 
Dandberg 22/254 24-1 0.294 0.055 (ft) 0) 
Ii 0.289 0.062 79.0 
Blauberg........ 5 0.203 0.022 89.0 

Cow’s milk 

elon ya. crite rts len O24 0.825 0.107 87.0 
foo bler 42424. -5\ee8 2.215 0.765 67.0 
Le fo Aen Reeenenes Average of 7 normal infants, 2 to 10 months of age Gar 


In older children the utilization of phosphorus is determined by the 
factors which have already been discussed. When mixed diet is taken, 
especially one rich in cereals and vegetables containing calcium, the 
phosphorus is more largely excreted through the feces than upon a 
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diet richer in meats. Herbst!8? in his very interesting studies on boys 
6 to 14 years of age, eating a liberal diet chosen according to taste, 
found that about one-half of the phosphoric acid ingested was elim- 
inated through the urine and approximately one-fifth through the 
feces. The food contained from 3 to 4 gm. POs daily. 

Iron.—Two important reviews of the metabolism of iron were 
published in the years 1906 and 1907—one by Abderhalden, * the other 
by Meinertz.2% The first-named author, speaking with reference to 
the absorption of iron as made out by the ammonium sulphide method 
after feeding milk to which iron salts had been added, states that, 
“there is obtained little if any reaction for iron in the stomach, while 
in the duodenum there is a marked green coloration. If the tissue of 
the intestine is examined under the microscope numerous little kernels 
containing iron are to be found embedded in the protoplasm of the 
intestinal epithelium, and for the most part these are directly beneath 
the cuticular borders of the cells. Now and then tiny leucocytes may 
be seen laden with innumerable little particles of iron. These are 
noticed in the stroma of the villi. In the submucosa also cells con- 
taining iron may be noticed once ina while. In the jejunum, however, 
it is quite different. Here, as a rule, the iron reaction is shown only 
in the solitary follicles and in the Peyer’s patches. In the ilium, the 
iron reaction is not, as a rule, very pronounced while the cecum and 
large intestine again give a strong test. Coming from the intestinal 
canal, especially the duodenum, lymphatics filled with cells containing 
iron may often be seen leading to the mesenteric glands, which likewise 
show a pronounced iron reaction. The liver and spleen now give a very 
strong test and evidently these organs serve as storage places for 
iron salts.” 

These results were obtained®® with mice, rats, rabbits, guinea pigs, 
dogs and cats, after giving from 0.4 to 0.5 mg. of iron daily to the rats 
and 3 to 5 mg. daily to dogs and cats. It was found by Abderhalden! 
“that animals fed exclusively upon meat or exclusively upon vegetables 
gave exactly the same reactions for iron in the intestine and in the 
tissues as those which were dosed with iron salts.’’ Abderhalden 
believed, therefore, that it was proved satisfactorily that organic and 
inorganic iron are absorbed by the same routes, but from various con- 
siderations, which need not be entered into here, he thought it was not 
yet demonstrated that hemoglobin can be formed from its organic 
precursor (hematoporphyrin) and inorganic iron. 

Meinertz differed from Abderhalden in believing that iron is 
absorbed mainly in organic combination, and that even inorganic iron 
does take part in the production of hemoglobin. He states further 
that the intestines and especially the large intestine takes part in the 
elimination of iron. To a lesser extent the liver, through the bile, 
and the kidney participate in the process. Iron fed in excess likewise 
is eliminated, after having been stored temporarily in the liver and 
elsewhere, for the most part through the intestine. The kidney 
scarcely participates in this and the liver not at all. Ontheother hand, 
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iron derived from the destruction of hemoglobin and probably also 
from the tissue cells (for all tissues contain iron) is eliminated for the 
most part through the urine. 

Important contributions concerning the absorption and utilization 
of iron added since these reviews are the following: Iron fed in albumi- 
nate form (ferratin) is absorbed, and increases the albuminate store 
of iron in the liver.*! Fed in this form it is absorbed probably as an 
iron alkaline peptone.*8* Kochmann?* found that the quantity of 
iron absorbed depends upon the kind of organic food fed with it. If 
carbohydrate or fat is fed with a measured amount of iron which 
itself gives a positive balance a negative balance may result. Or, on 
the other hand, the addition of such foods to a regimen containing 
ferratin, metaferrine or phosphate of iron, which itself produces a 
negative balance, may bring about a positive balance and retention of 
iron. Finally, ingestion of foods which are equally favorable for the 
metabolism of iron does not have the same value for the metabolism 
of nitrogen. Inorganic iron does not modify the nitrogenous meta- 
bolism while organic iron influences it favorably, 7.e., favors retention. 
Korsunsky?*? demonstrated that the absorption of iron in rabbits 
with biliary fistule was not as great after feeding 0.06 per cent. of the 
perchloride as in normal rabbits, from which he inferred that the bile 
aids in the absorption even of inorganic iron. Leone?® gave dogs with 
biliary fistule organic iron and found that: the iron of the bile was 
augmented much more when it was given by mouth than when it wasin- 
jected subcutaneously. Inorganic iron did not increase the elimination 
through the liver. Studying the influence of iron salts on the forma- 
tion of kynurenic acid from tryptophan Homer? made the observation 
that the feces of the dog after administration of iron salts were not 
black as usual because the tryptophan which ordinarily yields indol 
compounds was more completely changed into kynurenic acid and was 
eliminated in this form through the urine. ; 

Coming now to the utilization of iron in infants we have the 
important observations of Krasnogorsky*4? who studied the subject 
after feeding with both mother’s milk and goat’s milk and both raw 
and heated milk. His results show that the iron compounds of mother’s 
milk are incomparably better absorbed and retained than are those of 
goat’s milk. The absorption was also much better from heated milk 
than from raw milk. 

According to McLean? the iron of goat’s milk amounts to 2.02 
to 4.2 mg. of Fe2O3; per liter, while according to Bahrdt and Edelstein?” 
the iron of milk from three wet nurses was 1.63, 1.76 and 1.93 mg. 
Fe.O; per liter. The lower percentage in mother’s milk Krasnogorsky 
observed was more than compensated by the better utilization. The 
iron of spinach and egg yolk were equally utilized in older infants but 
both fell far behind that of breast milk. The natural compounds 
also are more abundantly absorbed and probably in more favorable 
form than the iron of artificial preparations. Since the functional 
sphere of iron is not limited to the formation of hemoglobin but is 
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essential to the process of oxidation in all the tissues (p. 553) insufficient 


feeding of iron may have far-reaching consequences. 
The only available data on the utilization of iron in infants are the 


following from Krasnogorsky and from Langstein and Edelstein.?°7 


TasBLeE 78.—UTILIZATION OF IRON IN INFANTS 


Fe Fe in 

Age of Food intake, | feces, oe ah 

Author infant ; l acitipenadteatlievatas | utilization 
Krasnogorsky......-... aD Mother’s milk | (gen! 0.84 88.1 
Goat’s 3.4 2.59 24.7 
Langstein-and Edelstein.| 12 Mo. | Expressed M.M. 7.79 4.11 47.0 
8 Mo. Expressed M.M. 7.01 4.56 35.0 

Newborn | Expressed M.M. |III.—0.736 0.942 apes > days 
| IV.—1.432 0.826 | 42.0 2d 5 days 
| | 


The iron content of cow’s milk according to Nottbohm and Dorr®29 
lies between 0.3 and 1.3 mg. Fe2O3 per liter, the higher figures being 
obtained from milk drawn near the end of lactation. But Edelstein 
and Csonka?®’ found that when milk was drawn directly into glass the 
values were only 0.6 to 1.0 mg. Fe2O3; with an average of 0.7 mg. per 
liter. Higher values they ascribe to the practice of handling milk in 
vessels containing iron. .Cow’s milk, therefore, contains from one- 
third to one-half less iron than mother’s milk. These results are in 
agreement with those of Soxhlet*!® who points out that in the ordinary 
dilutions of cow’s milk one is dealing with a food which affords only 
one-sixth to one-tenth the iron of breast milk. It has been known 
since the early observations of Quincke (1868) that iron is eliminated 
from the blood through the wall of the intestine and this has since been 
abundantly confirmed by Hamburger,!”! Fritz Voit,**4 Lapicque2® and 
others. Hence the necessity, as in the metabolism of other. heavy 
metals, of making a clear distinction between utilization and absorption. 

Other Mineral Elements——Because of the paucity of information 
regarding the utilization of the remaining mineral elements in infancy 
they will be grouped together in this section. The elements most 
commonly considered in mineral metabolism are, in addition to those 
previously discussed, sodium, potassium, chlorine and sulphur. All 
of those in contrast with calcium, magnesium, phosphorus and iron 
are eliminated chiefly in the urine. It is probably because they are so 
readily absorbed that little attention has been paid to their utilization 
in infancy. 

In Table 79 are brought together the few scattered data available 
for normal infants. For the most part these are derived from sources _ 
already mentioned and constitute the latest information extant. The 
agreement as between different authors is fairly satisfactory, and the 
agreement between infants fed on mother’s milk and others on cow’s 
milk as regards percentage utilization is surprisingly close. The only 
discrepancy of consequence is in the sulphur. 
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The only factor known to be of importance in affecting the amount 
of alkalies eliminated through the feces is the amount of fat in the 
food. We have already been obliged to discount the prophesies of 
serious consequence from loss of calcium under the influence of fat and 
it is probable the consequences to sodium and potassium absorption 
from this cause alone have been over emphasized. Steinitz*t pub- 
lished results of three experiments in which the sodium, potassium 
and calcium were determined in both urine and feces during a period 
of skim milk feeding and a subsequent period with cream added. The 
results of one of these experiments are given in Table 80. 


Taste 80.—Errect or Fat on ELIMINATION oF SopIUM AND Porassium (STEINITZ) 


Urine KCl | NaCl 
N NH; —N_ | Per iM ‘ Per 
Intake, en class pent F ie % Feces, | Urine, ae 
. Z 4 Za- 3! ams | utiliza- 
Milli- utiliza grams grams | gr. rece 


Per | 8T@™S | prams | grams 


grams | cent. 


82) 0.578) 75.9 | 0.378) 0.084) 0.566) 77. 


Skim milk....|1085} 51.8 if 7 
434) 0.243) 34.0 | 0.350) 0.367) 0.132) 0. 


4.9 | 0.755 
Cream} yoo2h 829) 119.7 4.5 ; 


i=) 
for) 
or 
Go 


1 


The alkalies, it is likely, are diverted not so much because of their 
combination with fatty acids as soluble soaps (for this always occurs 
normally) as because of excessive peristalsis and want of time to be 
absorbed. At all events this is just what happens to the soluble 
alkalies in diarrheal stools.!97 L. F. Meyer®®! observed unfavorable 
effects of the same character upon sodium absorption after feeding 
proteins (casein) and fat to infants which had been brought into a low 
state of nutrition; but after fat alone the only elements which suffered 
in the percentage utilization were calcium and phosphorus. 

Reaction of the Stools in Infancy.—This topic has long been 
one of some interest to pediatrists. Stools from cow’s milk, in normal 
infants, in contrast with those from breast milk are alkaline. The 
acid reaction of breast-milk stools is due to the volatile acids which 
according to Bahrdt and McLean? may require 22 c.c. N/10-NaOH to 
neutralize the free acids and 111 ¢.c. of N/10 NaOH to neutralize the 
combined acids in 100 gm. fresh stool. Binda*® likewise finds the free 
acid in breast-milk stools equivalent to 18 or 19 c.c. N/10 NaOH per 
100 gm. fresh stool and asserts that a value as high as 28 to 30 c.c. 
indicates alimentary disturbance. Cow’s milk stools according to 
this author are also acid, requiring 5 to 10 ¢.c. N/10 NaOH per 100 gm. 
The true reaction obviously can only be obtained in terms of the 
hydrogen ion concentration (p. 714). Recent determinations by 
Hitel'!? using the gas-chain method, show that in the majority of cases 
after mother’s milk the Px in normal stools lies between 4.0 and 6.0. 
In fasting and in constipation on account of the ammonia formed it 
may be near the neutral point (7.0); while in very loose stools it goes 
strongly to the acid side. After cow’s milk Eitel found values for Du 


( 


METABOLISM BEYOND THE INTESTINAL WALL 783 


between 7.8 and 8.2, acid values being found only in very unusual kinds 
of stools or alimentary disturbances. When malt soup was given the 
Pa was well below the neutral point. Litel believes it is the water 
soluble salts which determine the reaction in stools of artificially fed 
infants. There are no free fatty acids in such stools. Since also there 
are no volatile fatty acids in perfectly fresh human milk it follows 
that the acids are set free by digestion and by a process exactly com- 
parable with ordinary spoilage while the milk is passing through the 
alimentary tract. In cow’s milk the fat is composed more largely of 
higher fatty acids and the amount of alkali present is so great as to 
combine at once any acids set free. Besides there is greater putre- 
faction and formation of ammonia, on account of richer protein. 
Weill and Dufourt‘® have found the reaction of stools of artificially fed 
infants so variable as to be of little clinical significance. 
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Proteins.—The proteins are without doubt the most important. 
single group of substances entering into the composition of the living 
body. Upon their physico-chemical properties depend the peculiar 
reactions of all the vital organs and perhaps of the mind itself. A 
brief consideration of their chemical nature must be given here. 

Exact knowledge of this subject dawned coincidentally with the 
present century in the discoveries of Kossel and Emil Fischer. The 
first named gave a method of separating the diamino-acids and 
the latter investigator a new method of separating and estimating the 
monamino acids. Many of the individual amino-acids had long been 
known to occur as cleavage products; but the concepton due to these 
investigators more than to any others that proteins consist exclusively 
of such bodies strung together in chains was new and has opened up a 
world of ideas regarding the function and significance of chemical 
structure in relation to the living substance. 

The list of amino-acids cannot be too familiar and is here reproduced. 


A. MoNOAMINO-MONOCARBOXYLIC ACIDS 


1. Glycin: C2H;NOz, or amino-acetic acid: 
CH2-NH.2-COOH 
2. Alanin: C3H7;NOs, or a-aminopropionic acid: 
CH;-CH (NH2)-COOH. 
3. Valin: Cs;Hi;NO> or a-aminoisovalerianic acid: 
3 CHE : 
ov 2 a 
CH; 


4, Leucin: CsgHi3NOz or a-aminoisocaproic acid: 


Case 
/CH-CH2CH(NH2)-COOH. 
CH; 
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5. Isoleucin: CsHi3NOze, or a-amino-b-methyl-G-ethylpropionic 
acid: 
CH; 
CH:CH(NH:)-COOH. 
C.H; ; 
6. Phenylalanin: CysHi:NO2 or 6-phenyl-a-aminopropionc acid: 
7. Tyrosin: CoHiiNOs3 or B-parahydroxyphenyl-a-aminopropionic 
acid: 
HO-C.H.:CH2-CH(NH2)COOH. 
8. Serin: C;H7NO;, or B-hydroxy-a-aminopropionic acid: 
CH.(OH):CH(NH2)COOH. 
9. Cystin: CeHi2N20.82 or dicystein, or di-(6-thio-a-amino- 
propionic acid): 
S—CH.2‘CHNH2COOH 
| 
S—CH:2CHNH:2-COOH 
B. MoNOAMINO-DICARBOXYLIC ACIDS 
10. Aspartic Acid, CsH;NOu,, or aminosuccinic acid. 
HOOC:CH.CH(NH2):-COOH. 
11. Glutamic acid, CsH»NO,, or a-aminoglutaric acid: 
HOOC:-CH2CH2;CH(NH2)COOH. 
C. DIAMINO-MONOCARBOXYLIC ACIDS 
12. Arginin, CsHisN.Oe, or a-amino-d-guanidinvalerianic acid: 
eon 2- 


HN =C 


NH-CH.-CH2,CH»CH(NH:2)COOH. 

13. Lysin: CsH1sN2O2 or a-e-diaminocaproiec acid: 

H2N-CH2-CH2CH2-CH2e-CH(NH:)COOH. 

D. DIAMINO-OXY-MONOCARBOXYLIC ACIDS 

14. Caseinic acid, or diaminotrioxydodecanic acid: 

CisHogNe Os. 

K. Herrrocycitic CoMPpouNDS 

15. Histidin, CeHgN 302, or 8-imidazolyl-a-aminopropionic acid: 


CH = C:-CH2-CH(NH:):COOH 
16. Prolin, Cs;H»NOs, or a-pyrrolidin carboxylic acid: 
CH.—CH, 


| 
CH: CH-COOH 
NA 


NH 
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17. Oxyprolin, or oxypyrrolidin carboxylic acid: 
C;H »NO; 
18. Tryptophane, C1;H1.N20s., or 8-indole-a-aminopropionic acid: 
C: CH,-CH:NH;-COOH 
AS 


Fischer has shown that the key structure of the proteins is a linkage 
between the carbon of the carboxyl group in one acid and the nitrogen 
of the amidogen group in the other. Thus two amino-acids may be 
concentrated into one molecule by first producing an ester. 

NH,:-CH.-COOH a C.H;OH == NH::CH,-COO CoHs + H.O 

Gly cocoll Alcohol Ethyl-gycocollate 
In the presence of water the ester becomes an anhydride thus: 
NH,:-CH.-COOH CH; a NH:,:CH;:COO C.H; — 
CH.— NH 
NH - CH; 
Glycocoll anhydride 
Va CH, 

The essential linkage is already present; namely, the O = C 
\vH 
grouping. By treatment with an acid like HCl, one end of the closed 
ring is open up thus: 

/ Chr NH / CH2NH2HCl 
‘a DC = 0+ HCI + H0 = 0 = CC 
NH-CH, ; NH-CH,COOH 
Glycyl-glycin chlorid 
and on treatment with silver oxide the chloride is precipitated leaving 
glycyl-glycin thus: 
CH2-NH-C = O 


NH:-CH2COOH 


Glycyl-glycin 


As many as 18 individual molecules (not all different) have been 
strung together in this way (p. 576) making a molecule the size of an 
ordinary peptone. The combinations possible are almost infinite in 
number just as are the possibilities of producing words from letters 
of the alphabet. Naturally some proteins are much more formidable 
in their structure than others. Some contain practically all the known 
building stones, while others are composed of a smaller number. The 
structure, 2.e., number and arrangement, of the amino-acids accounts 
for the particular property of the individual proteins. In some 
instances generic traits in the protein family are definitely recognizable. 
Thus the albumins differ from the globulins by two familiar reactions; 
their behavior toward water and a half-saturated solution of amonium 
sulphate. Albumins are soluble in both; while globulins are precipi- 

Vou. I—50 
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tated in both. Now it happens that albumins contain no glycin 
while globulins show a constant, though small, percentage thereof. 
That the traits above mentioned depend upon the presence or absence 
of this particular amino-acid and nothing else is too much to be 
asserted in the present state of our knowledge. But that some such 
difference must account for the properties mentioned is a safe state- 
ment. Gelatin, elastin, and the various coccoon silks are all very rich 
in glycocoll; while casein, vitellin and the characteristic proteins of the 
cereal grains are equally rich in glutamic acid; and so on. 

The significance or adequacy of a protein in nutrition, we shall 
find later is likewise to be attributed to its composition of amino-acids. 
The composition of the milk proteins compared on the one hand with 
that of ox muscle and on the other with the gliadin of wheat is given 
in the following table. 


TABLE 81.—CoMPARATIVE COMPOSITION OF PROTEINS 


Gliadin 36 Casein 336 Lactalbu- 
Amino-acids (wheat), per | (milk), per min*%6 (milk), Ox*#° muscle, 
cent. cent. per cent. Ue 
| | 
Giy.cocolley vr Sie Sof oes 4.0 
A la riin ene he ayn eee 2.00 1.50 2.50 Sat 
Walinisaties. tots: oe, ete 3.34 7.20 0.90 2.0 
Leucinncs sian metee: 6.62 | 9.35 19.40 14.3 
Brot is eee ee 13.925" e676 4.00 8.0 
Phenylalanina..... ee" 2.35 3.20 2.40 4.5 
IASpartic acideas a) as. 1. 0.58 1.39 1.00 10.6 
Glutamic acid.......... 43.66 15.55 10.10 22.3 
OTL ily Sy Anse ae bare he 0.13 0.50 2? 2? 
A VLOBIN cA. 1.50 4.50 2.20 4.4 
Cystine eee 0.45 ? a & 
HELI Stidinng veay- eerie es 1.84 2.50 2.06 4.5 
PATE UIT, rac eae ee eee 2.84 3.81 3.23 liso 
ysis eee oot 0.93 7.61 9.16 fake 
SITY top heres ee 1.00 1.50 | 
Alabiosben heen ca cok cc 5222 1.61 L332 17 
85.68 | 66.92 | 58.27 102.87 


The casein of woman’s milk and that from cow’s milk have been 
partially hydrolyzed by Abderhalden and Langstein?®> with the results 
given in Table 82. 

When the proteins are absorbed in the form of amino-acids they are 
carried by the portal circulation to the liver where they may be immedi- 
ately deaminated: Or perhaps upon some signal to the liver from the 
blood, as in the case of glycogen, they are permitted to pass the 


oa cells unchanged and to reach the tissues where growth is taking 
place. 
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TaBLE 82.—AmINOo-actips FROM CasEIN (ABDERHALDEN AND LANGSTEIN) 


Cow’s casein, per cent. Woman’s casein, per 

cent. 
BEY COMET A gto DOB Merete pe 2» Vos 0.0 0.0 
“LONER Behe eae erie ee ae ee 0.9 1.2 
Wall eee e ny. aa aa Pkg 1.0 1.3 
ON CLAM ead eat PR EE 5 10.5 8.8 
Ee VOMME ri cechy, ine EASES | om 2.85 
Denil alaninice secs Memes tag 3.2 2.8 
AGT GAIIC SCI sana. c. 2 ese Ee Bee 10) 10.95 
ASDATLIGAGIO get ati ee Cpa 8 il 0 
BY ROSIN: te ae ce ee eee eS | 4.5 4.58 


eae eee eee ee eee. Gone PE Ty YS hae oly US Peat ha 

Deamination.—In the adult the amount of nitrogen in the urine is 
the measure of the quantity of protein eaten. The curve of nitrogen 
excretion ascends rapidly reaching its maximum in two to four hours, 
continues high for some time, depending upon the total quantity 
ingested and then recedes slowty. Lusk*** has shown in his work on 
the dynamic action of protein that the effect upon heat production of a 
heavy protein meal runs almost parallel with the curve of total nitrogen 
excretion. The dynamic effect being due to the stimulating effect of 
oxy-acids resulting from deamination (p. 545) it follows that this 
curve represents at the same time the rate of deamination. Hoobler’s?®8 
results upon the dynamic effect of high protein feeding in the infant 
show that it is not the protein retained for growth but only that part 
whose nitrogen appears in the urine which affects the heat production. 
The two sets of observations taken together go far to prove that in 
their contribution to growth of new tissue the protein fragments are at 
no time deprived of their nitrogen. Deamination proceeds very rapidly 
where little protein is being retained; for the extra glucose formed from 
amino-acids (administered as such or as meat) appears as rapidly in 
the urine of a diabetic dog, as if an equivalent amount of glucose itself 
were given. In all probability there is no delay—no time required for 
selection of those fragments which will be used for growth and those 
which will be deaminated in the rapidly growing organism. The rate 
of growth does not depend upon the amount of protein fed; but upon 
the growth impulse, which is a matter of inheritance, and upon vita- 
mines. When the amount of protein available for growth just equals 
the capacity of the growth impulse to handle it the best progress is 
made (p. 790). Anything over this amount is surplusage and will be 
deprived of its nitrogen. 

Deamination may take place by hydrolysis or by oxidation. The 
former is illustrated by the following reaction for alanin: 

CH;-CH:-NH2-COOH + HOH = CH;-CH:-OH:COOH + NHs 


Alanin Lactic acid 
By oxidation the reaction would run thus: 
CH;-CH:NH2-COOH + O = CH,-:CO-COOH + NHs3 


Alanin Pyruvic acid 
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Probably both methods are used—the former has been proved to 
occur in the case of certain amino-acids of the aliphatic series and the 
latter for certain of those of the aromatic series. This is not to say 
that either one method or the other must be chosen by the tissues. 
The course of disintegration followed probably depends upon the 
oxidative capacity of the tissue whose province it may be to effect the 
changes, as well as upon the presence of enzymes which mediate them. 

Ammonia split off is rapidly converted to urea** thus: 


2NH;3 + H,O — CO, es EMS 


COs 
NH,” 
NH, NH. 
00s OH Oi oo 
NHi NH, 


This reaction takes place by preference in the liver, where also the 
major part of the deamination occurs, but may take place in the 
muscles and probably in other organs. Formerly it was believed that 
deamination was effected in the alimentary wall and in support of this 
was cited the fact that the mucous lining of the intestine is richer in 
ammonia than any other tissue of the body, and the further fact that 
the portal vein contains more ammonia than the hepatic vein. But 
Folin'*® furnished evidence opposed to this view when he developed the 
fact that the ammonia of the portal vein comes mainly from the large 
intestine and appeared to be formed from putrefactive processes. 
Moreover the arrival of amino acids at the tissues themselves has now 
been fully demonstrated. 

Synthesis of Proteins.—Details regarding the constructive side of 
metabolism (anabolism) in the body are almost wholly lacking. We 
lose sight of the amino-acids when they arrive at the tissues. We can 
only measure the end result in terms of nitrogen retentiqn, or in terms 
of growth in mass, or of individual compounds like albumin, globulin 
and the like. Something has been learned however of the possibilities 
of protein synthesis under the influence of enzymes from physico- 
chemical studies, and since one of the clearest instances of the syn- 
thetic or reversible action of proteolytic enzymes concerns the protein 
of milk, it may be discussed briefly here.* It is not unreasonable to 
hope that from such beginnings we may one day be able to visualize 
the construction of tissue materials in the infant from the food of its 
mother’s breast. 

A fundamental advance of recent years in our knowledge of enzymes 
is the realization that these all-important substances are not pure 
‘ catalyzers in the sense that they do not enter at all into the reaction 
and are not used up to any degree. Proteolysis takes place auto- 
matically in pure solution in distilled water as has been shown by 

* The statements of facts in this discussion are taken from Robertson’s recent 


work on the “Physical Chemistry of the Proteins,’ New York, 1920, a work 


which may be highly commended to the reader for a much more adequate 
presentation. 
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Taylor**? and Robertson.*®® Trypsin and pepsin merely hasten the 
reaction, but they do so not by their presence only but by addition of 
themselves as real chemical agents in the system. Since these enzymes 
are in all probability proteins they are subject to hydration and 
dehydration as any other proteins. Further they are known to suffer 
loss of activity in water solutions, which may be explained by hydroly- 
sis and to be capable of precipitation by methods which are clearly 
dehydrating. It is possible therefore that each of them may exist in 
at least two modifications—one more hydrated than the other. The 
activity may vary with this condition of the enzyme itself as well as 
with the concentration of the substrate and of the products of pro- 
teolysis. Evidence has already been given of the union of proteolytic 
enzymes with the substrate (p. 719). If a more characteristic type of 
combination be desired, it may be found in the fact brought out by 
Vernon**? that egg albumin very seriously interferes with the action 
of trypsin upon any other protein, and does so by actual union with 
the enzyme. 

Nevertheless enzymes partake to some degree of the characteristics 
of pure catalyzers. As such they must accelerate the velocity of 
reaction equally in both directions. That is, if in a proteolytic 
enzyme-substrate system a point of equilibrium exists at which a 
portion of the substrate remains unaltered, then in a pure solution of 
proteolytic products and enzyme there must be a tendency to rebuild 
the substrate out of the products. This result was anticipated from . 
the physico-chemical laws of catalysis before it was actually seen. 

A number of instances of reversible enzyme action are now known 
for all classes of foodstuffs. The clearest. instance perhaps among 
proteins is that observed by Robertson?® in the action of pepsin upon 
casein. A peptic digest prepared by neutralizing 400 c.c. of N/10 KOH 
with casein and adding 14 gm. fresh pepsin (per liter) was kept at 40°C. 
_ Heating to destroy the enzyme, filtering and concentrating six times 
at 70°C., a clear brown syrup was obtained free of casein and para- 
nuclein (p. 718). To 70 c.c. of this syrup 30 c¢.c. of a concentrated 
solution of Gruebler’s pepsin, puriss sic, which had previously been 
filtered, were added and the mixture set aside at 40°C. in the presence 
of an excess of toluol to prevent bacterial infection. Within two hours 
a thick white precipitate had formed. After 48 hours this was filtered 
off, purified, dried and analyzed. It gave all the reactions of paranuclein. 
Gay and Robertson?“ investigated the product by specific immunity 
tests. They found that the products of complete peptic hydrolysis 
were toxic and had no antigenic property. The pepsin of Gruebler 
also was‘non-antigenic.. But paranuclein originally produced and the 
product of synthesis just described both gave specific antibodies which 
reacted interchangeably with either substance. A genuine protein 
synthesis had therefore been effected by pepsin out of the products of 
proteolysis from casein. 

Further study by Robertson of this remarkable instance of protein 
synthesis (which should be of special interest to students of nutrition 


. 
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in infants) developed the facts: (1) That the velocity of reversion does 
not bear the same relation to the concentration of ferment that the 
velocity of hydrolysis does; and that as a consequence the equilibrium 
between the protein and its products was altered by the pepsin; (2) 
That by heating an anhydrous form of the ferment could be produced 
which inhibited hydrolysis and favored synthesis; and (3) That the high 
concentration of enzyme necessary to produce synthesis is explained by 
the greater proportion of the anhydrous form which it contains. 
Robertson supposes that a high concentration of split products would 
result in the production of a larger proportion of the anhydrous form 
of the enzyme, but that upon removal of the enzyme from the system 
by adsorption or otherwise it would regain its original hydrolytic 
action. In some such fashion, conceivably, a cycle of reactions may 
occur, the enzyme being utilized over and over, now for hydrolysis, 
now for synthesis. By temporary mechanical or chemical separation 
and localization of the synthesizing forms of these enzymes the living 
organism thus may build up the amino-acids into new proteins char- 
acteristic of the several tissues. 

Retention of Protein in the Infant.—The only measure of protein 
synthesis for the entire organism is the amount of nitrogen retained 
from the food. In the adult the normal state is a condition of equi- 
librium between the intake and output of nitrogen; but in the growing 
organism this condition would be abnormal. Indeed, in many kinds 
of illness the child continues to retain nitrogen even when losing weight. 
In the adult the factors of diet and physiological condition which 
influence protein retention are well-known, the most important being the 
“sparing action” of carbohydrate and the protein condition of the 
organism. In the infant several additional factors must be considered. 

The Growth Impulse.—This is the name given to the physiological 
tendency of youthful protoplasm to lay hold of germane materials and 
transform them into its own substance. The normal growth rate F 
characteristic of a species is the measure of the growth impulse. 
Naturally it is very different for different species ; a puppy dog, for 
example, doubling its birth-weight in two weeks, while it requires six 
months for a human infant or a calf to accomplish the same relative 
increase. In general the concentration of proteins in the mammary 
secretion in different species is proportional to the rate of growth; but 
the food cannot be said to cause the rate of growth; it only supports 
it. Much has been learned of late regarding the influence of vitamines 
and of internal secretions upon the rate of growth and it is clearly 
evident that in the future normal growth must be defined in terms of 
these factors as well as of energy, adequacy of protein, salts, ete. The 
water soluble B, for example, is known to influence the appetite*®’ and 
thus to increase the intake of food. But appetite is the expression of 
need for materials to be supplied the tissues not the stomach, and 
hence the vitamine must influence the rate of their utilization beyond 
the alimentary wall. Thyroid secretion influences the rate of develop- 
ment,'®* 7.e., of histogenesis and the almost miraculous transformation 
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of a cretin under the influence of thyroid administration is but a 
magnified image of its normal influence in the development of the 
nervous system. Without this effect the growth impulse misses the 
mark, so to speak, and fails to effect the normal transformation of food 
materials into tissue elements. 

Instances might be multiplied of particular food constituents and 
of internal hormones each of which must play its part in the symphony 
of chemical changes if an harmonious product which we recognize 
as the normal child is to be produced. The growth impulse is therefore 
not a single factor but a group of factors working together to create a 
demand for building materials. It originates for the individual when 
male and female nuclear elements unite in the act of fertilization, and 
from this moment forward to the end of development its imperial 
decrees are transmitted through countless generations of chromosomal 
agents which guide the structural changes to their completion, some of 
them finishing their work early, some, especially in the brain, not 
finishing until middle adult life. 

Rated in terms of a unit of mass the growthimpulse is greatest before 
birth and immediately thereafter. Orgler**! gave expression to this 
fact in the formulation known as Orgler’s law that the younger the 
infant the greater (relatively) is its power of assimilation of protein. 
In a study of nineteen newborns up to 14 days of age Mensi?%? con- 
firmed this law, finding the average retention to be 48 per cent. of the 
protein ingested. The range in 14 cases was from 3 to 71 per cent. 
The power of assimilation was not less in artificially nourished infants 
than in the naturally nourished. The nitrogen balance the first five 
’ to eight days may be negative depending upon the function of the 
breast; but in the second week it changes to positive and the retention 
ranges from 40 to 60 per cent. of the intake.?°® 

The rate of retention (measure of growth impulse) diminishes in 
the first five months to one-third the value which it may have the first 
two weeks. The following comparison is made by Schwarz.?%® 


TaBLE 83.—NITROGEN RETENTION ACCORDING TO AGE OF BREAST-FED INFANTS 


(ScHWARZ) 
Arathor cs see 10.2 Schwarz | Michel I | Michel II | Keller Michel and ; Schwarz | Rubner and 
| Peret Heubner 
10 4 Sa ee 4 days 5 days 11 days | 2 months | 3 months 4 months | 5 months 
| 
} - 
N intake per) 
kilogram...... | 0.685 0.407 0.425 0.430 0.354 0.286 0.205 
Retention per 
kilogram...... 0.552 0.314 0.343 0.194 0.156 0.143 0.048 
Percentage..... 81.0 “hae 81.0 45.0 44.0 50.0 23.0 


With Michel’s second case and Keller’s subject the intake per unit 
of weight is the same but the percentage retained in the former is 
nearly twice as great asinthelatter. Orgler gives the average percentage 
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retained up to 14 days as 78.3 per cent., from two to three months 
40.8 per cent., at five months 23.1 per cent. 

Protein Condition of the Organism.—The second factor relates to the 
demand for protein which may be created by a period of deprivation. 
It was shown independently by Peters*’* in Rubner’s laboratory and by 
Murlin?!* in Lusk’s laboratory that the avidity with which the adult 
organism retains nitrogen is greater the greater the previous losses by it 
have been. That the same is true of the infant has been demonstrated 
by L. F. Myer®°! and by Keller.*° The former gave a healthy ten- 
months infant following a period of adequate nourishment a diet 
containing considerably less than the child’s requirements of energy and 
of nitrogen. The results are presented in Table 84. 


Tasie 84.—ApapTaTION TO LowER NutTRITIVE PLANE BY A TEN-MONTHS INFANT 


(L. F. Meyer) 
| Urine | Feces 
Period Food | - Balance 
N per diem in grams 

Ts Pull iste eee. Foe ee ee 5.124 So 0.4439 | +2.447 
5.124 3.486 0.44389 | +1.194 

5.124 3.269 0.4489 | +1.411 

Dealing ivweich tees aeticsaeeta snes eras 1.932 2.616 0.152 —0.836 
1932 eh 4 0.152 —0.366 

1.9382 | 1.984 | 0.152 | —0.204 

1.9382 1.663 0.152 —0.117 

iii Constantuwere hitter ee ane 1.922 1.541 0.183 +0.197 
1.922 1.590 0.1838 +0.148 

1.922 } 1.394 0.183 +0.344 

1.922 1.226 0.183 +0.513 


ES a tae ee 

After cutting down the intake of nitrogen the infant body adapted 
itself rapidly to the lower plane of nutrition and within five days 
without further change of diet advanced from a daily loss of 0.836 gm. 
to a gain of 0.197 gm. and continued to gain until there was a retention 
of 0.513 gm. daily. Meyer observed that the loss of mineral sub- 
stances was reduced at the same time. 


TABLE 85.—ADAPTATION TO A LowER Nutritive PLANE BY A THREE-MONTHS 
INFANT (KELLER) 


N in food | N in urine N in feces N, balance 
0.766 0.793 0.135 —0.161 
0.719 0.710 0.067 —0.057 
0.747 0.491 0.124 +0. 132 


SEER EEEEneeeeeee a eee ee te! er ee Lee Bs 
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Keller’s infant, a child of three months, was changed from a diet 
of one-third milk to one containing 750 gm. of water, 50 gm. gluten 
flour and 51 gm. cane sugar. He took 651, 615 and 622 gm. of the 
mixture on three successive days with the result shown in/Table 85. 
Here again the destructive metabolism was gradually reduced until a 
negative balance was changed to a positive balance. 

The mechanism by which a quick adaptation of this sort is accom- 
plished may be explained in the following manner. The energy 
demands are paramount. So long as the supply of protein is in excess 
of the needs a portion of the protein is deaminated and utilized for 
energy. In the adult where protein is needed only for repair and growth 
in isolated places the inevitable breakdown of protein may be turned 
to the service of the energy needs more readily, although even here there 
comes a time when deamination is checked as the tissues become more 
hungry for replenishment and fragments discharged from one tissue 
may be placed in requisition for the benefit of others. In the growing 
organism this latter adjustment takes place much sooner simply 
because all tissues are demanding amino-acids as building material. 
The energy needs are then met by mobilization of fat from the reser- 
voirs of the body and the vital structures are spared. Such restriction 
of energy needs as may be brought about by limitation of muscular 
movements is the only resource on the energy side of the metabolism 
and this adjustment is often made even in the infant. Amino-acids 
of one type can be made from the amino-nitrogen of another by union 
with the oxyacids which are formed in the intermediary metabolism 
of carbohydrate. The animal organism is limited however in this 
capacity to manufacture amino-acids, and this leads us to considera- 
tion of the next factor in determining nitrogen retention. 

The Biological Value of the Protein.—The ideal food protein for 
construction of new tissue is one which contains all the essential 
amino-acids. Since milk and eggs are designed by nature to supply 
a sufficient variety of amino-acids for synthesis of all the proteins of the 
various tissues it would be expected that the young organism could 
accomplish its growth most economically upon food materials of this 
kind. For the mammalian young milk should by the same token be 
much more valuable than the eggs of birds. Experience fully confirms 
this expectation. Not only so: Milk of the species to which the young 
belongs is more valuable than that of an alien species. 

It is universally conceded that the very young infant at least can 
add to its weight upon mother’s milk more economically than upon 
cow’s milk. For illustration the results of Benjamin*® may be cited. 
This observer followed the nitrogen balance in a ‘‘nearly normal” 
infant in successive periods on breast-milk, then breast-milk plus an 
increasing. amount of skim milk and finally two-thirds whole milk and ~ 
5 per cent. sugar. For 100 gm. increase in weight the retention of 
nitrogen on breast-milk was 3.7 gm., on breast-milk and skim milk 
4.5 gm., and on the two-thirds whole milk and sugar 5.3 gm. The 
last two diets contained nearly double the amount of nitrogen supplied 
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by the breast-milk alone. A unit of growth is therefore attained more 
economically on breast-milk than on cow’s milk. Some of the nitrogen 
retained from cow’s milk apparently does not become organized into 
protoplasm. This is confirmed by the fasting experiments of Schloss- 
mann and Murchauser?*”® who found that the total loss of nitrogen in a 
fast of 18 to 72 hours was always greater from infants previously fed 
on cow’s milk than from those fed at the breast. Inthe old terminology 
of Voit there was a greater amount of “circulating” or unorganized 
protein from cow’s milk. 
For the adult the biological value of the protein is rated according 
to the least amount capable of maintaining nitrogen equilibrium when 
the energy requirements are fully covered by non-nitrogenous foods. 
Experiments of this kind by Thomas,‘?® Ziterer,47! and Steck*! 
revealed the fact that muscle protein is slightly better than casein for 
this purpose. Thomas compared these two proteins with many others 
of both animal and vegetable origin and arranged a scale of values 
based upon the percentage of repair nitrogen capable of being furnished 
by each. It will be most interesting to learn whether the biological 
values of these proteins for maintenance of the adult remain the same 
for growth of the infant. There is evidence for the protein of potato 
that such is not the case; for while Thomas ranks potato proteins at 
83 in a scale of 100, in which casein and ox-muscle stand at the head, 
and the proteins of maize and wheat at only 29.5 and 39.5, McCollum289 
and his coworkers have found that potato protein for growth of the white 
rat is of no greater value than those of the cereal grains. Inasmuch as 
other authors, '**.*” have fully confirmed the high rank given by Thomas 
to potato protein as a material for maintenance of nitrogen equilibrium, 
it seems clear that the same proteins cannot equally satisfy the two 
requirements. If this statement should be confirmed for other 
proteins the reason for such a difference in biological value for the two 
purposes in question, would according to McCollum, lie along the 
following lines. When an animal is fasting the amino-acids of the 
blood are kept remarkably constant through the sacrifice of muscle 
tissue as a source of cleavage products. Whether an animal is fasting 
or taking an incomplete protein it is still necessary that certain 
organs continue to form special products like the hormones which are 
necessary to correlate the physiological activities of the several tissues, 
In the formation of such bodies there is a demand for special amino- 
acids, tyrosin for example for adrenalin, tryptophan presumably for 
thyroxin, etc. For maintenance of growth in certain other tissues 
(sex cells, hair, nails, epithelial cells in the intestine, etc.), which 
apparently never cease to grow, other specialrequirementsarise. Each 
of these special drafts upon the circulating aggregate of amino-acids 
leaves certain others which may be supplemented by those of an 
incomplete (for growth) protein in such a way as to make a fairly 
adequate proteinformaintenance. When growth takes place, however, 
this supplementary relationship shown by the protein of potato, by 
gelatin®!® and by some other proteins cannot be of great importance, 
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for the endogenous breakdown of protein is then very slight compared 
with the total requirement. Muscle, gland, brain and all must be 
provided for. Nitrogen equilibrium alone would not be growth, and 
could only lead to one-sided development. 

We are not yet in a position to give a numerical rating to very many 
of the different food proteins as growth material. The method 

‘adopted by Benjamin for the proteins of cow’s milk and human milk is 
capable of improvement so that the same amounts of proteins would 
be used with an adequate supply of energy in infants of the same age 
or in the same infant successively, and a numerical valuation obtained 
not only from milk proteins but for various others made equally digest- 
ible by the infant. A beginning in terms of growth for the white rat 
using the quotient of growth in relation to food protein eaten instead 
of in relation to food protein (nitrogen) retained, as in Benjamin’s 
method, has been made by Osborne, Mendel and Ferry*4! who cal- 
culated that to make the same gain in the same time under the con- 
ditions of maximum efficiency 24 per cent. more protein and 20 per 
cent. more food (energy) were needed when the protein was casein of 
cow’s milk than when it was lactalbumin. This is information of the 
most useful kind for infant feeding. The authors point out, however, 
that ‘‘when an animal is restricted to such a quantity of protein that 
a maximum gain of body weight is made per unit of protein eaten, 
it grows at less than the normal rate. A longer time therefore: is 
required to make a given gain of weight, and consequently more food 
is needed for maintenance than if growth had not been thus delayed.” 
Economy in nutrition during growth, they conclude, depends upon a 
correct adjustment between the proportion of protein in the diet and 
the total energy supplied. If itis stated that a child makes a perfectly 
satisfactory gain when the protein of its food constitutes a certain per- 
centage (see Hoobler?®’) of the total calories, it is not to be inferred 
that a greater gain would not have been induced had the protein been 
used less economically, or that “food’’ would be wasted if a greater 
intake of energy were permitted. It must first be determined whether 
rapid gain in weight or more economical gain in weight is the more 
desirable. 

The newer knowledge of nutrition which has been gained from 
recent studies on laboratory animals should now be made the useful 
knowledge of nutrition through the application of the principles 
involved to infant feeding. Unfortunately we cannot yet infer quite 
safely that the proteins will have exactly the same relative values for 
growth of the human young as for the white rat. It has often been 
surmised, for example, in agreement with the observations just cited, 
that the reason why human milk is more efficient in producing growth 
than cow’s milk is because of its higher percentage of lactalbumin. 
The evidence in support of this view however is by no means complete. 
For while Osborne and Mendel*3* observed better growth in rats when 
lactalbumin was used as the source of protein with “protein free milk,” 
starch, butter-fat and lard, than when casein was so used, McCollum?*%¢ 


796 PHYSIOLOGY OF METABOLISM IN INFANCY AND CHILDHOOD 


and his associates did not obtain this result when lactalbumin and 
casein were used separately to supplement the protein of peas, and 
they explain the excellent results of Osborne and Mendel with lactal- 
bumin by the high*proportion of nitrogen derived from their “ protein 
free milk.”” Emmet and Luros!™ on the other hand display growth 
curves quite up to the normal with 10 per cent. of lactalbumin, added 
to a mixture which contained no “protein free milk” and find that 
purified lactose supplements quite as well or better than the ‘‘ protein 
free milk.”” They dissent therefore from the explanation offered by 
McCollom, holding that lactalbumin is a complete protein “‘in the 
sense that it does not lack any of the nitrogenous cleavage products 
essential for growth.”’? On the human side we have the observations 
of Grosser!®* who found that when the albumin was precipitated out of 
human whey and the casein and fat of cow’s milk added to the protein- 
free whey, the artificial mixture supported growth in infants quite as 
well as when the ent.re whey was used. The inference from this work 
was that the non-precipitable parts of whey (and probably the salts) 
were more important than the proteins in securing the satisfactory 
results so often reported for ‘‘whey adapted” milk. The experiments, 
it must be admitted were not crucial as to the relative values of the 
two major proteins of milk; but they indicate that better controlled 
tests must be resorted to before it can be safely inferred that lactalbumin 
is the limiting factor when poor results are obtained with cow’s milk. 

Many attempts have been made in the history of artificial feeding 
to supplement the proteins of cow’s milk with proteins of various 
cereals, and benefit has often resulted. From what we know of the 
biological value of such proteins for growth of laboratory animals it 
may be inferred that the nutritional benefit observed is traceable to 
other properties than those of the contained proteins.?88 Even gelatin 
has been used in this way and an infant who failed to gain on a suffi- 
cient supply of mother’s milk has been observed!®2 to put on weight 
when gelatin with oat meal gruel was added to the breast milk. But 
gelatin is wholly unsuited to this purpose on account of its irritating 
effect upon the stomach and at best it can spare but a fraction of the 
body protein.®!7 

In conclusion of this question of the biological value of mother’s 
milk as compared with cow’s milk for growth of the human offspring it. 
may be added that under certain circumstances practically the whole 
quantity of protein in mother’s milk may be retained in the child’s 
body while with cow’s milk this is never the case, a considerable part 
always being destroyed and eliminated by the urine. There is no 
justification for the claim that the proteins of breast milk are better 
adapted for assimilation than those of cow’s milk.85 It seems rather 
that the other constituents of the food exercise a favorable influence 
on protein retention. 

Often it has been surmised that the “extractive nitrogen” of 
mother’s milk, being more plentiful than in cow’s milk, is responsible 
for the better retention. This can only be true if the extractive 
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nitrogen is of such a kind that it can be built up into tissue proteins, 
and if the difference between the two milks in this or these constituents 
is significant. Among the extractive substances occurring in milk the 
following have been determined quantitatively: Amino-acids, urea, 
uric acid, creatinin and creatin. Recent analysis by Denis®®:!° using 
methods which were devised for corresponding analyses of blood give 
for the two milks the following composition of average values in 
milligrams per 100 c.e. of milk. 


TaBLE 86.—NoN-PROTHIN CONSTITUENTS oF HuMAN AND Cow’s Mixx (Denis) 


plana teizr res | Amino | ue aa | Petormed | Crotin 
nitrogen nitrogen nitrogen nitrogen nitrogen nitrogen 
Mother's anil oc ted oes © 28.8 12 NOt. | 5.81 yw 1.3 2.6 
MOMS STI nec Sve eerie ae sree 26.2 9.2 | 4.2 1.5 | 2.3 
| 


The figures for human milk are a little higher throughout. The 
undetermined non-protein nitrogen however is distinctly higher for 
cow’s milk. Some of these undetermined bodies are the purin bases 
and possibly polypeptids in very small amount. Only further knowl- 
edge will permit of a decision whether the extractive nitrogen of human 
milk is of higher nutritive value than that of cow’s milk. If the 
undetermined nitrogen should prove to consist mainly of polypeptids 
and the like and only to a slight degree of the purin bases the apparent 
slight advantage of mother’s milk from higher amino-acid nitrogen 
would be wholly overcome. The uric acid, creatinin and creatin 
cannot be supposed to confer any nutritive properties and despite very 
positive reports by Grafe!*® that urea can contribute a protein-sparing 
property to the diet of the dog and swine a real nutritive value is not 
conceded‘ by other investigators. Hence we must look to the amino- 
acids and simple combinations thereof to explain any supposed 
superiority of extractive nitrogen in human milk. 

The Amount of Protein Fed.—There seem to be very few observa- 
tions on the effect of different quantities of protein in the diet upon 
protein (nitrogen) retention which were sufficiently controlled to limit 
the comparison to a single variable. As we shall see in the sections 
immediately following an adequate energy supply is one of the con- 
ditions of protein retention and there is some evidence that with an 
excessive supply the retention of proteins is more favorable than on 
a mere sufficiency. The energy supply in different periods with 
different quantities should therefore be the same. An experiment by 
Hoobler2°8 substantially fulfills this requirement and will therefore be 
used for illustration. The subject was a healthy boy of two months 
whose heat production (p. 636) on low and high protein feeding was 
being determined simultaneously with the protein retention. Table 
87 presents the average daily metabolism of the food stuffs as deter- 
mined by the calorimeter and the nitrogen determinations. The 
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points of special interest to us at this time are: (1) that the average 
intake of energy was substantially the same in the two series; (2) 
that the proportion of protein in 


my: a '; = | the food of the second series was 

ey so much increased that it reduced 

2| ae 2 oe the caloric intake from fat and 

ee oes “_~_| carbohydrate from 290 to 198 

Biz Bey tO en a calories—considerably less than 

me | ease eo was being metabolized from this 

é 4.3 aie a source in the first series; (3) never- 

E O8 a 8 theless the metabolism of fat and 

& seu carbohydrate remained about the 

g| ™8°s % % | same, 234 calories instead of 225, 

ya e ‘ 2 and since the food did not supply 

a 5 SE & & sufficient nonprotein calories, the 

8 ; remainder was drawn from the 

Ss bes333 = <3 body; (4) the protein metabolized in 

a ses the first series was 7.6 gm. out of 

a Fee eae 2 8 9.9 gm. supplied or 77.3 per cent., 

5 S| ase Eis in the second 15.6 gm. out of 31.1 

By 8 ——— gm. supplied or 54.3 per cent.; (5) 

a 2 E a the protein retention for growth, 

= G = however, does not include all of 

8 4 Ly Ni. the remainder for there was a 

< z SE 3 S considerable loss in the _ feces. 

aah 3 Another table given by Hoobler 

4 Ess ea” shows that this loss in the first 
A sts goers period was on the average 0.440 | 

2 8 g Sow gm. and in the second 1.43 gm., 

3 e S re leaving for retention 1.86 gm. or 

8 eS aGE Tei 18.8 per cent. of the intake the 

. aE Sank first period and 14.07 gm. or 45 per 

= 2 cent. of the intake the second 

ke : sies eS period. 

Rip rai she ve eo This experiment therefore is 

| Fs 4 a clear-cut demonstration of the 

% 3 38 BS influence of a high protein intake 

2 as as contrasted with a low protein 

& 8 =a 8 intake upon nitrogen retention. 

mg 69 The food throughout was cow’s 

g 8: milk given in ordinary dilutions 

Sas: with sugar for the low protein period 

eae s and given as albumin milk in the 

oie 3 high protein period. Probably all 

esas of the protein retained was not 

So ba organized into protoplasm at once; 

5G °= | for as we have seen (p.794) cow’s 

8 a be milk leaves for a time a considerable 
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amount or protein in circulation, and the depressing effects of the high- 
protein feeding described by Hoobler were doubtless due to this cir- 
culating portion. Another series of observations which may be 
used to illustrate the influence of protein intake upon protein retention 
is that of Talbot and Gamble?” on asingle infant between five and seven 
months of age. Their results may be summarized briefly as follows: 


TABLE 88.—INFLUENCE oF PRoTEIN INTAKE ON PROTEIN RETENTION 
(TaLBoT AND GAMBLE) 


Weight at : A ; 
Period bt Sea start, kilo- | Food N| N 2 | N in | N retained 
ce urine feces grams 
1 514 4.8 4.79 | 2.876 | 0.895 +1.02 
2 534 4.42 9.31 558160), 71,28 eal 
a5 6 4.66 11.06 7.482 | 1.475 +2.10 
4 614 4.93 13.91 8.065 | 1.92 +3.92 
5 634 5.06 F723 oe} 11-898 | -3u477,)0 9-1 264 
| 


a —  —  SSSsSSSSsSsSSsSsh 


Each period in this series consisted of three days so that the infant had 
a better chance to adapt himself to the new level of protein intake. 
Up to the fourth period the food was well utilized and the nitrogen reten- 
tion increased. The authors state that in the fifth period when the 
nitrogen in the stools was greatly augmented the child appeared to be 
“‘on the verge of a digestive upset.” The steady increase in the urinary 
nitrogen exhibits in a striking way the effort of the organism to rid 
itself of the nitrogen which was surplus above its requirements. The 
inference from both series of observations is perfectly clear, that for 
prolonged nitrogen retention and organization into tissue a very 
moderate quantity of nitrogen is more economically managed than a 
large quantity (see preceding section). 

The purposes of nitrogen in the growing organism are summarized 
by Rubner®”® as, (1) replacement, (2) growth, and (3) combustion.* 
The requirement for the first is small but must be met before growth 
can take place. Protein in excess of the infant’s capacity to organize 
it into tissue may be used for combustion and the nitrogen will appear 
in the urine. When the capacity to deaminate protein and eliminate 
the nitrogen is reached the toxic or depressant effect is seen. 

Armsby?® employs a useful method for defining the efficiency of 
protein for growth of farm animals which might well be adapted to the 
investigation of proteins for growth of children on mixed diet. He 
states that, “‘the percentage of digestible protein of the feed which is 
retained in the body of the growing animal is not in itself a measure of 
the efficiency of the animal organism in converting feed protein into 


* Wendt463 recognizes a fourth value of protein which he calls the thesauric 
or storage value. Protein for this purpose may remain unmetabolized as a depot 
for future use. It is not apparent from any of the published researches on infants 
how great this quotum may be. 
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body protein, since the proportion retained is affected both by the 
magnitude of the protein supply in the feed and by the energy content 
of the ration. . . . The percentage utilization (efficiency) of the feed 
protein in the physiological sense, as distinguished from the percentage 
retention, is the ratio between the body protein thus stored up and the 
least amount of feed protein in excess of the maintenance requirement 
which is necessary to support this growth under the most favorable 
conditions, especially as to energy supply. Suppose for example, 
that an animal three months old actually has the capacity to store up 
daily 1.23 pounds, of protein per 1,000 pounds live weight, and that it 
has been shown that it can just reach this capacity on a ration supply- 
ing two pounds of digestible protein per day. Deducting 0.5 gm. 
pound for maintenance, there remains 1.5 pounds of protein in the 
ration out of which is produced 1.23 pounds body protein. The 
utilization (efficiency) is therefore 1.23 + 1.5 = 82 per cent. If, on 
the other hand, it was found that 2.5 pounds of protein had to be 
supplied in the ration in order to bring the gain in protein up to 
capacity of the animal, the percentage utilization would be only 1.23 + 
2.0 = 62 per cent. while if the maximum growth could be secured 
with 1.73 pounds of digestible proteins, the utilization (efficiency) 
would evidently be 100 per cent.” 

In the experiment of Talbot and Gamble cited above the total 
energy intake was fairly constant throughout but the proportion of 
carbohydrate (sugar) calories to the total was higher in the second 
period than in: the first and third and still higher in the fourth when 
the maximum retention was attained. Probably, as we shall see 
below, the higher carbohydrate was responsible in part for this result. 

The Specific Influence of Carbohydrate on Nitrogen Retention.—It 
has long been known that nitrogen retention is favored by the presence 
of carbohydrate in the diet. E. Voit and Korkunoff4** found that 
nitrogen equilibrium in the dog could be maintained on the following 
quantities of nitrogen (meat) in terms of the starvation nitrogen 
taken as 100. 


With meat alone —368 
With meat and fat —157-193 
With meat and carbohydrate-108-134 


It has many times been shown with the adult human subject that 
nitrogen equilibrium can be established at a level below that of the 
starvation excretion of nitrogen by ingestion of a diet rich in carbo- 
hydrate, 40° 95°, 428, 71 "This effect of carbohydrate is due to a “sparing 
action” upon the body protein whereby the latter is preserved against 
the katabolic processes of the body. Landergren2®2 believes that when 
a condition arises in the body when it has no carbohydrate at its dis- 
posal the body must prepare it by breakdown of body protein, the amino 
acids after deamination being synthesized into blood sugar. The 
constancy of the blood sugar in prolonged starvation after the store of 
glycogen has been exhausted speaks in favor of this hypothesis. The 
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giving of carbohydrate therefore spares that amount of protein from 
destruction which would be necessary to keep up the blood sugar to 
its normal level. Fat does not do this since it cannot be transformed 
into sugar. Ringer®®® in analyzing these conditions distinguishes 
three component parts in the protein metabolism: (1) The “minimal 
nitrogen requirement”’ which represents the amount of body protein 
katabolized during specific nitrogen starvation when the body receives 
all of its requirements in the form of carbohydrate or carbohydrates 
and fats in equal caloric quantities. For the adult man this amounts 
to about 4 gm. nitrogen daily and corresponds to Rubner’s ‘“‘wear and 
tear quota; (2) the “dextrose nitrogen’? which represents the 
amount of protein katabolized in excess of the minimal requirement 
in nitrogen starvation when the caloric requirement is not covered by 
carbohydrate from food but may be covered by body fat or fat in the 
food; and (8) the ‘‘complementary nitrogen’? which represents the 
amount of protein katabolized for the sake of energy in excess of (1) 
and (2) under any circumstances but particularly when large quantities 
of protein are fed. The excessive destruction of protein noted in the 
preceding section would be ‘‘complementary nitrogen” in this sense. 

Another explanation of the sparing action of carbohydrate has 
been given by Shaffer*®? to the effect that glucose in normal con- 
centration holds in check the action of intracellular proteolytic enzymes 
and consequently when carbohydrate is lacking and the sugar (or 
glycogen) concentration in the cells falls an inhibition is removed and 
the enzymes become correspondingly more active. This hypothesis 
has received no support from actual observation on the organism. 
While it is probably true, as Landergren held, that the body has a 
specific need for carbohydrate and can satisfy its need from kata- 
bolized protein, this cannot be the only explanation of a sparing action; 
for as the writer*” has shown the katabolism of body protein increases 
sharply in the presence of abundant carbohydrate when the sparing 
action of gelatin is suddenly withdrawn. Now the latter sparing 
action, as was demonstrated in the same investigation, is not due to 
the glucose which it can yield in intermediary metabolism, but to its 
protein nature; hence, we may distinguish this type which may be 
called a true replacement sparing from that type effected by carbo- 
hydrate and which may be called a dynamic type, or possibly after 
Shaffer, a preservative type. 

All of which however concerns only one aspect of metabolism—the 
destructive side. Carbohydrate does unquestionably retard dis- 
integration of tissue protein, whichever be the method. This in 
itself favors a nitrogen balance. But does it not at the same time 
or quite independently, aid the constructive side? What is the 
significance of lactose in the mammary secretion of all animals? First 
as to the facts. 

Keller22° was the first to demonstrate this influence of carbohydrate 
in the infant. With a six-month’s child he obtained the following 
incisive results with maltose. ; 

Vou. I—51 
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Tasup 89.—InruUENCE OF MaAuTosE ON NITROGEN RETENTION. OF AN INFANT 


(KELLER) 
: : ; N retained,| Per cent. 
Food N in food | N in urine | N in feces ae Ceti ye 
One-fourth cow’s milk 
75 grams maltose... 2.04 1.3225 0.239 0.478 23.5 
Whole milk.......... 3.832 3.189 0.185 0.458 11.9 
Whole milk plus 75 
gm. maltose......... 3.830 2.744 0.347 0.739 19.3 


While the sugar increases peristalsis and causes a greater loss of 
nitrogen in the stool, in the third period the reduction of nitrogen in 
the urine more than compensates for this, leaving a greater net reten- 

tion than when no maltose was given. The favoring influence of 
lactose on the nitrogen metabolism of the infant is illustrated by an 
experiment of Talbot and Hill*!® on an infant six months of age. 
Starting with a cow’s milk mixture containing 5.63 per cent. lactose, 
the amount of sugar was increased successively to 7.32 and 9.93 per 
cent. then was dropped to 9.16 per cent. The daily nitrogen retention 
increased pari passu with the lactose from 2.06 to 2.27 and 3.16 gm. 
then fell off to 1.81 gm. Unfortunately the intake of nitrogen and of 
total calories was not kept constant, so that while the inference of a 
real favoring action is probably correct it is not a matter of demonstra- 
tion. Talbot and Hill surmise that a possible explanation of the 
increased retention is the utilization by the fecal bacteria of lactose 
instead of protein thereby leaving more protein for absorption; but 
such an explanation need not be invoked unless there is demonstrably 
less nitrogen in the stool. Moreover, this would not be a true sparing 
action except for the bacteria. Weinland‘*! proved quite conclusively 
with rabbits that lactose absorbed diminishes protein katabolism and 
Sommer?" observed that it was more efficacious with young than with 
older animals. Studying the influence of sugars upon the growth of 
suckling pigs Wilson*® found that skimmed cow’s milk reinforced with 
lactose caused a more rapid gain in weight than cow’s milk and Lusk, ?7¢ 
commenting on this experiment, points out the importance of an 
isodynamic replacement of fat by milk sugar in infant feeding. 

An experiment which puts this principle into effect is that of 
Hellesen!®° who placed an infant five months of age first upon a diet 
containing an abundance of carbohydrate and later replaced 50 grams 
of the carbohydrate (cane sugar) with 25 gm. of butter—a nearly isody- 
namic equivalent. He studied both the respiratory and the protein 
metabolism. The results in average daily quantities are given in 
Table 90. 

There is a striking difference in the two periods. On the high 
carbohydrate not only is there a better retention of nitrogen for 
growth—there is also a more economical use of the carbon of the food 
and consequently of the potential energy. The benefit extends indeed 
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to the inorganic constituents, water and sodium. The negative 

_ balance of the latter on the high fat diet is explained by the loss of 

this element through the stool (p. 782). The two non-nitrogenous 

food-stuffs therefore are by no means of equal value in the nutrition 

of the infant. 

TABLE 90.—ComPaRISON OF CARBOHYDRATE AND Fat In TuHerr INFLUENCE oN 
RETENTION IN AN INFANT (HELLESEN) 


Food Retention in per cent. of intake Retention 
in grams 
Period 
Nitro- Lac- | Cane . Carbo- : 

an Fat | tose | suar Starch | Nitrogen hydrates Calories | H2O Na 
Wipe ark: | 4.306 4.7 | 29.7 | 56.4 622° 25.2 | 18.1 | 13.0 | 50 | 0.195 
gaa en | 3.966 | 25.0 | 29.9] 6.4| 6.2 8.1 | 4 | ie ha 0.09 

| | 


Does the sparing effect of carbohydrate on protein waste sufficiently 
explain its favoring influence in growth? That has been the usual 
assumption, and certain facts connected with the excretion of creatin 
which will be mentioned beyond appear to favor this view. But 
another possibility must be admitted; namely, that in the construction 
of new tissue proteins certain strategic amino-acids may be the more 
readily combined, fitted into place, or even built-up out of oxyacids 
furnished by the carbohydrate and amino-nitrogen extravagantly 
furnished by the liver. Attempts have been made to prove the syn- 
thesis of protein from salts of ammonium!*® under the favoring in- 
fluence of carbohydrate, but not with complete success. Nascent 
amino-nitrogen however while still in the H-N-H grouping might be 
an altogether different matter.?*! 

Katabolism of Protein.—Thus far we have considered the probable 
steps by which protein of the food is built up (anabolized or synthe- 
sized) into tissue proteins, and the factors which govern the retention 
of protein for this purpose. We must now turn our attention to further 
details concerning the processes by which protein of the food or of the 
tissue is broken down (katabolized) and eliminated from the body. 
In the adult these two major changes are quantitatively equal, the 
protein condition being maintained at an approximately constant 
level. In the growing organism anabolism naturally predominates, 
being, as we have seen (p. 791), most intense in early infancy and 
gradually though not constantly diminishing with age to maturity of 
size. Nevertheless katabolism is always present. 

. The’ katabolism of protein is measured in the gross and to some 
extent in detail by the nitrogen sulphur and phosphorous of the urine. 
Folin??? in 1905 made a useful distinction by dividing the protein 
katabolism into two parts: The endogenous representing tissue metab- 
olism the products of which tend to remain constant, and the exo- 
genous representing metabolism of protein in the food, the products 
of which vary with the amount of protein ingested. The former is 
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represented by creatinin and neutral sulphur and to a less extent by 
uric acid and ethereal sulphates; the former preeminently by urea and 
inorganic sulphates. Folin illustrates this distinction by mean of the 
following table showing the composition of the urine on high and low 
protein feeding. 


. 
TABLE 91.—NITROGEN AND SULPHUR FRACTIONS IN THE URINE OF ADULTS ON 
HicH anp Low Protein (Fouin) 


High protein Low protein 
Per cent. of Per cent. of 

oe total Cran total 
Motal=Neo eee eee 16.3 a 3.60 
Ureav N52... 2 eee 14.70 Oto 2.20 oa ire 
ADmOniglN ee 0.49 3.0 0.42 Lies 
Urig seid. Nu. an etae yell um. Ie tet 0.09 2.5 
Creatinin INS. eee pea] 0.58 3.6 0.60 1722 
Undetermined N....... 0.85 ‘4.9 0.27 33 
Ota S Oras a eee 3.64 wae 0.76 
Inorganic SO 3..........| Bh Pare 90.0 0.46 60.5 
Ethereal SO 3.....2.....-| 0.10 ye 0.10 Loe? 
Neutral SO ......... 0.18 4.8 0.20 26.3 


Fa a EE Eee eS ED ee 

The creatinin and ammonia nitrogen and the neutral sulphur are 
nearly the same in absolute amounts on both diets. The ammonia as 
we now know is constant because the requirements for neutralization 
of acid radicles happened to be the same in the two instances. The 
creatinin is constant because the two diets were taken by the same 
individual. The neutral sulphur is constant because the destruction 
of tissue containing cystin was the same. The urea ni trogen, undeter- 
mined nitrogen (containing amino-acids, polypeptids and purin bases) 
uric acid nitrogen and ethereal sulphate sulphur show the greatest 
differences in absolute amounts because they are dependent upon the 
amount of protein delivered to the tissues by the digestive system. 
Fractions of the nitrogen not considered by Folin in this basic study 
are the creatin, purin bases and amino-acids singly or in combination. 

Nitrogen Partition in the Urine of Infants and Children. 
1. Urea.—The main circumstance in the metabolism of infants and 
children which may be supposed to alter the distribution of nitrogen 
of the urine to its various constituents, is the retention of protein for ~ 
growth. For the first few days of life, however, the elimination is 
not yet normal as will be noted especially when uric acid is considered. 
According to Reusing**! the percentage of urea in the urine of breast- 
fed infants incréases from the first to the third days and then gradually 
falls while in wet-nursed infants and those fed from birth on cow’s 
milk the maximum percentage falls on the first day and then declines. 
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The explanation lies in the varying volume of urine as wag shown by 
this author by injection of methylene blue into the circulation at birth 
or into the mother before birth. The elimination of the dye was paral- 
lel to the elimination of urea. In proportion to weight the excretion of 
urea 1s not quite parallel for breast-fed and artificially-fed infants. 
Reusing gives the following figures in grams per kilogram. 


Days | 1 | 2 | 3 | 4 | is) | 6 7 
Breast-fed.... 7. -. 0.0189 | 0.085 | 0.173 | 0.166 | 0.257 | 0.288 | 0.292 
Soxhlet-milk....... 0.1067 Osteo s enzo OL LoObal Os2onm Om Ts 0.298 


| 


| | | 


The higher absolute elimination for the first four days in artificial 
feeding is due to the larger intake of nitrogen. 

In percentage of the total nitrogen the urea nitrogen in the first few 

days is high because of the low total nitrogen.4% By the time the 
kidney is functioning fully it may be as low as 60 per cent. of the total 
in breast-fed infants.*°2 In a five-months breast-fed infant Schwarz3% 
found that the urea nitrogen made up 72 to 75 per-cent. of the total, 
but when put on artificial feeding the same child eliminated 78 per cent. 
of the total as urea nitrogen. Vogt states that the urea quotient 
(percentage of total nitrogen) varies between very narrow limits in the 
infant’s urine so long as the food has a normal composition. He 
demonstrates the influence of retention upon the distribution between 
urea and “rest” nitrogen (including all the other fractions save 
ammonia) and sums up his observations in these terms. When the 
protein metabolism is so ordered as to serve for replacement of losses 
or manufacture of new tissues it leads to a relatively high rest nitrogen, 
but any protein in excess of this requirement is eliminated asurea. The 
writer*!® has shown that the increasing retention of nitrogen by the 
pregnant dog for growth of the fetuses causes a progressively lower 
percentage of urea and a correspondingly higher percentage of undeter- 
mined nitrogen, and has found lower percentages of urea nitrogen 
tthan normal likewise in the late stages of pregnancy of the woman.?!9 
‘In fact retention of nitrogen for growth of any sort, if large enough in 
‘proportion to the total nitrogen will always produce this effect because 
a portion of the nitrogen which under ordinary circumstances (in the 
adult) would be split-off from amino-acids as ammonia and eliminated 
either as such or as urea is resynthesized, while those fractions which 
represent the endogenous metabolism (creatinin, uric acid in part, and 
undetermined nitrogen in part) show as a consequence a relative 
increase. 

For normal children above the weaning age the distribution of 
nitrogen in the urine has been studied by Johnston and Veeder.?"8 
The results may be introduced here because of their interest as regards 
the urea excretion. 
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The control of the diet, the manner of collection of the urine and 
the general management of the observations in this series were nearly 
ideal and may well be imitated in future work of this character. 
The “standard” diets given were selected in accordance with the 
dietary habits of well-fed children, consisting of milk, oatmeal, graham 
crackers, egg, beef-stew, bread, butter and prunes. The amount of 
protein given was graded according to age groups as follows: 


Children 20 months to 36 months............. 42 gm. — 6.7 gm. N. 
Children 3 years to 6 years....20........:..0. 52.6 gm.— 8.0 gm. N. 
Children 6 years to 10 years.................. 58.0 gm.— 9.0 gm. N 
Children 10 years to 14 years................. 60-65 gm.—10.0 gm. N 
The creatinin-free diet consisted of—whole milk............... 200 c.c. 
cream, 20 per cent../...... 200 c.c. 
bWwOrebesuer ns tee Joe 
mated milks ise. Rane 200 gm. 
WVUCEELO Mi tects eae tae AE 1000 c.c. 


Each 100 c.c. of this mixture contained approximately 150 calories; 
30 to 40 calories per kilogram of body-weight were given and the 
total amount for the day divided into five portions. Each 100 c.c. 
contained approximately: 7.5 gm. fat; 6 gm. protein; 15.5 gm. carbo- 
hydrate. 

The average percentages for 13 children between 19 months and 
12 years on standard diets, and for eight children between 29 months, 
and 14 years of age on creatinin-free diets are compared as follows: 


Urea NH; reat Creatin Cr. and Wa 

nin Cr. acid 

Creatinin-free diets....| 83.7 ae 2.0 120 3.0 ee 
*““Standard”’ diets...... 83.7 4.6 1.6 ie 2.8 oe 


The range of the urea percentage as of other fractions is well repre- 
sented in Table 92. Comparing these with the percentages found by 
Folin'2®. 127 from adult subjects kept on a non-meat diet containing 
18 to 19 gm. nitrogen, we note that the average for urea is some 5 per 
cent. lower, because of retention. It may be safely stated that the, 
urea nitrogen in infancy, especially of breast-fed children, will be from 
5 to 8 per cent. less than in the adult who is kept on an adequate diet 
containing a proportionate amount of nitrogen. For children up to 
puberty the urea normally will run from 3 to 5 per cent. (of the total 
nitrogen) below that of adults. 

It is probable that the reduction of urea following the use of malt 
extract first observed by Keller?% and ascribed by Vogt**? to the con- 
tained carbohydrate is in reality due to increased retention induced 
by the water-soluble vitamine contained in the malt.'* 17° 
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Urea from its quantitative relations in the urine must be regarded 
as the most important end product of metabolism. Many theories as 
to the mode of its formation in the body have been propounded; but 
the most probable one is that of Schmiedeberg** which is described on 
page 788; namely, its formation from ammonia split off from amino- 
acids by oxidation or hydrolysis. That urea can be formed from 
ammonium salts fed to infants**! just as when fed to animals or injected 
into the circulation or perfused through the liver is now abundantly 
proved. The same and other experiments, especially those of Von 
Schroeder,*®* prove that the liver is the chief seat of its formation. 
More recent work, however, demonstrates with equal clarity that other 
tissues can produce urea when the liver is excluded*?!¢ from the circula- 
tion or removed**** altogether from the body. Fiske and Sumner1** 
' have found that the accumulation of urea per unit of mass of blood and 
tissues after intravenous injection of amino-acids is as great (in the 
absence of shock) when the liver and other abdominal viscera are 
excluded from the circulation as when they are in their normal relations. 
Analysis of blood from the liver and from the hind legs of dogs from 
which the entire alimentary canal was removed, by Taylor and Lewis*?!% 
showed only a slightly higher concentration of urea in the former than 
in the latter, from which they conclude that the formation of urea isa 
function of all the tissues. The experiments of Van Slyke and Meyer*#® 
and of Jansen?!® on the other hand support the view that the liver is 
the organ especially responsible for the katabolism of those products 
of digestion not utilized for tissue construction. The first-named 
authors show that amino-acids injected into the circulation are absorbed 
by the tissues, but that they disappear much more rapidly from the 
liver than from other organs. ‘‘The amino-nitrogen content of this 
organ may be doubled by an injection of amino-acids into the general 
circulation, and yet return to normal within two or three hours.” 
Whereas the muscles reach the saturation point when they contain 
about 75 gm. of amino-acid nitrogen per 100 gm. of tissue, the liver 
“continually desaturates itself by metabolizing the amino-acids that 
it has absorbed and consequently maintains its power to continue 
removing them from the circulation.” 

2. Ammonia.—The absolute amount of ammonia in the urine of 
very young infants on the basis of weight is high as compared with 
adults. The reason for this was shown by Czerny and Keller’’ to be 
.the relatively high fat of the infant’s food even on breast-milk. But 
on the percentage basis the ammonia nitrogen is even higher and this 
is explained by the low total nitrogen due to retention as well as to the 
high fat. Amberg and Morrill'® had under observation a normal 
breast-fed infant four weeks of age in two periods of six days each. 
During the first period the infant received a fairly high protein diet and 
in the second a mere maintenance diet with low protein and low fat. 
The ammonia nitrogen the first period was 8.1 per cent.;in the second 
period in spite of the low fat it was 18.3 per cent. of the total. In the 
first to third months of breast-fed infants Vogt noted ammonias as 
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high as 29 per cent. of the total, and 20 per cent. has frequently been 
reported. 

The true explanation of the influence of fat upon ammonia excretion 
was given by Steinitz*!* and was soon confirmed by Freund. The 

-soaps prevent the absorption of a portion of the alkalies and their 
place in the urine is taken by ammonia (Table 80). Freund made more 
complete analyses than did Steinitz and found the phosphoric acid 
increased in proportion to the diversion of ammonia. High ammonia 
in the infant’s urine in the relative sense therefore is not always to be 
looked upon as a sign of acidosis or even of aciduria but rather as a 
lack of alkali (alkalopenia). Indeed according to the latest conception’ 
high ammonia in the urine is proof of the capacity of the organism 
to neutralize acid or to replace alkali diverted alsewhere, and is not 
proof of an actual acidosis in the sense of too much acid remaining in 
the circulation as by retention of phosphates in nephritis. 

With older children one other factor comes into play in connection 
with the excretion of ammonia; namely, the nature of the ash of the ° 
food. With foods like cereals and meats which contain an acid ash 
more ammonia will be excreted in the urine than with foods containing 
an alkaline ash. The capacity of the body to care for acid radicles in 
this way shows a wide margin of safety and there is little danger under 
ordinary circumstances of overtaxing it.2*4 The real criterion is the 
alkali reserve of the blood (p. 814). In Table 91 it is seen that wide 
differences in the protein intake do not affect the output of ammonia 
in the absolute sense, which is the only sense in which the ammonia in 
the urine is significant as a sign of acid excretion; while in Table 92 it 
may be noted that the excretion of this fraction is fairly constant in the 
absolute sense for any given child and, owing to the general similarity 
of diets, is fairly constant in the relative sense in the different children. 

Because night urine approaches a little more nearly the character 
of starvation urine it would be expected that more ammonia would be 
present. Powis and Raper*®> have noted that this is true in children. 

3. Amino-acid Nitrogen—From the existing state of our knowl- 
edge regarding the fate of amino-acids once they reach the blood 
stream (p. 738), it is clear that they do not remain long in the 
circulation even if no tissue has any special avidity for them; for, 
having a relatively high diffusion coefficient, they can pass the kidney 
readily just as they pass the intestinal wall. For example, Van Slyke 
and Meyer*!® recovered from the urine 114 gm. of d-l-alanin one-half 
hour after injecting 12 gm. of this substance directly into the circula- 
tion. Feeding dogs with 10 gm. doses of glycocoll, alanin and glutamic 
acid added to a diet of bread and milk, Dobrowolskaja’”’ found 
alanin in the urine oftener than the others. This corresponds with the 
experience of Lusk??? who found that while the nitrogen of 20 gm. of 
glycocoll is completely converted to urea by the phloridzinized dog, 

only about 70 per cent. of i-alanin is so converted. It follows, there 

fore, that certain amino-acids can pass the kidney much more readily 
than others, or else are much less readily disposed of in metabolism. 
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Whether the age of the subject would affect the result of such experi- 
ments has, so far as the writer is aware, not been determined. Deter- 
mined by reliable methods the absolute amount of monamino-acid 
nitrogen in the urine of a normal adult on a mixed diet is from 0.15 to 
0.30 gm. daily or 1.5 to 3.0 per cent. of the total nitrogen.2®:198¢ Ona. 
milk diét the fraction of undetermined nitrogen, which includes chiefly — 
the amino-acid, and polypeptid nitrogen, is considerably higher tha 
on an ordinary mixed diet.?” : 

In infancy the amino-acid nitrogen of the urine has often been 
reported as very much higher than this. Thus Simon‘? found as much 
as 12 per cent. in the urine of newborns, and Bahrdt and Edelstein2® 
0.244 to 0.284 gm. daily or 10 per cent. of the total in the case of an 
eight months atrophic child. In older children 9 to 14 years, Hadlich 
and Grosser’®® report 13 to 30 mg. per 100 c.c. of urine or 2 to 11 per 
cent. of the total. A partial explanation at least of these higher 
amounts in infancy and childhood will be found in the considerations 
which account for the low urea (p. 803). 

4. Other Amino-bodies.—In this paragraph may be summarized 
the very meager information regarding the excretion of polypeptid 
nitrogen, oxyproteic acid, hippuric-acid, nitrogen, ete., in children. 
Simon in the research already cited has reported up to 12 per cent. 
of the total nitrogen as polypeptids in the urine of newborns and has 
noted the presence in small amount of oxyproteic acid. He is inclined 
to ascribe their occurrence to the poor supply of enzymes in consequence 
of which the infant organism ‘is obliged to content itself with an incom- 
plete cleavage of protein at the alimentary wall or in the endogenous 
reduction. 

Hippuric acid was reported by Simon as present in the urine of 
two newborns in quantities of 5 to 39 mg. and Amberg and Helmholz, !7 
reversing the earlier results of Amberg and Morrill and Amberg and 
Knox were able to demonstrate it constantly in urines of both breast- 
fed infants and bottle-fed in amounts not exceeding 1 per cent. of 
the total nitrogen. 

5. Creatinin.—This body is produced by some vital activity of 
muscular tissue. It is derived from creatin, a constituent of all muscle 
cells by a process of dehydration: 


N(CH;)—CH; /N(CHs)—CH: 
CONE) ory PROC 
NH, COOH NH——co 


Perfectly fresh muscle contains very little creatinin if any, but as used 
by man for food in the form of meats it has more creatinin than creatin, 
especially if the meat is thoroughly cooked, when little if any 
creatin is left. Creatin ingested as such37 or injected subcuta- 
neously’’§ is only partly converted to creatinin, the remainder 
apparently being stored in the muscles as creatin. When the food is 
entirely free of creatin or creatinin the excretion of creatinin is nearly 


constant for any given individual from day to day, being independent 
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of muscular work,‘ of heat production*#? and the quantity of protein 
food'** (Table 91) or any other discoverable condition external or 
internal except the mass of muscular tissue and possibly its condition 
of tonus.**® The number of milligrams of creatinin nitrogen per kilo 
of body weight excreted by an individual kept for several days on a 
creatin or creatinin free diet, is known as the creatinin coefficient.4°2 
For adult males it lies in the neighborhood of 8.0 and, for females‘? 
at about 5.8. For the pregnant female near term it is lower?2! because 
of the low creatin content of the fetus, uterus, etc. 

The creatin content of the muscles of the newborn child is 0.07 
per cent.*”? as compared with 0.3 per cent. for the adult. This is in 
agreement with observations on other animals,*°* and has been given 
as an explanation of a lower creatinin excretion in infancy and child- 
hood.?4* It turns out, however, that the creatinin coefficient of infants 
and children on meat-free diet is often quite as high or higher than that 
of the adult female and frequently passes the average given by Shaffer 
as the value for the male. The following table compiled from Amberg ° 
and Morrill'* and Funaro! gives some idea of the range of the coeffi- 
cient for very young, healthy infants at the breast. 


TaBLE 93.—CREATININ EXCRETION BY YOUNG INFANTS 


Nitrogen as creatinin in urine 
Sa ae sig lan pap a Milligrams per| Per cent. of 
kilogram total N 
Amberg and Morrill..... 7 3093 5.46 2.98 
10 3463 CSTES 3.06 
10 4033 6.71 2.56 
13 3100 Save 2.78 
14 2723 9.94 3.61 
Months 
IUNaTOn 22 eee See ee 1129" = 3500 5.00 
2 | 4000 5.25 
26 4300 6.5 
3 4000 7.6 
3 4380 Me 


In percentage of the total nitrogen the creatinin nitrogen for the 
newborn child is apparently somewhat higher than it is for older 
children (Table 92). Values considerably higher than those of 
Johnston and Veeder have been found by Gittings and Pemberton1*4 
who had under observation two healthy children 33 and 40 months of 
age respectively, fed for eight days on meat-free food. The excretion 
was 0.078 and 0.089 gm. creatinin-N daily which was 2.2 and 2.7 per 
cent. respectively of the total, while the creatinin coefficient was 7.04 
and 8.04. 

Conditions known to reduce the creatinin excretion in infants and 
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children are: amyotonia with a coefficient of 1.47 according to Gittings 
and Pemberton and 4.0 according to Sprigg;*'? infantilism?! of the 
Herter type with coefficients in the neighborhood of 4.0 or 5.0; creti- 
nism!*! and rickets.?9> Prolonged feeding with creatin-free food has 
been thought to reduce the creatinin metabolism in adults,**7 though 
it is difficult to reconcile this observation with modern views regarding 
the origin of creatin. 

Conditions known to produce the opposite effect of increasing 
creatinin metabolism are: myotonia,?7° diabetes”*® and fevers.** 

6. Creatin.—The two most probable sources of creatin are (1) 
arginin and (2) cholin or betain. Comparing the formula of creatin 
with that of arginin we see that there is an unmistakable relationship. 


NH, NH, 
C(NH) CINE) 

N(CH;) 7 

CH,.COOH Hie 

Creatin i 
CH, 
ee 
COOH 

Arginin 


By a typical oxidation there may be produced from arginin guanidin 
acetic acid which requires only a simple methyl condensation, the like 


NH, 
CINE) | 
NH—CH, 


| 
COOH 
Guanidin-acetic acid 
of which is well authenticated, for transformation into creatin. 
Experimental support for this conception is found in the work of 
Jansen,”!” who made creatin determinations in the muscles of the two 
legs of a frog, one made tonic by various means, the other not. The 
stimulated muscle always contained at once more creatin and less 
arginin than the other. Injection of arginin into the jugular vein of 
rabbits results, according to Thompson,?27¢ in a clearly demonstrable 
increase of creatin of the skeletal muscle amounting to 14.5 per cent. 
of the injected arginin. Such injections made subcutaneously are more 
effective (for increasing the total excretion of creatin) if methyl citrate 
is combined with arginin carbonate.427° The origin of creatin from 
cholin is thus conceived by Riesser,3® 
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NH, 
CH.-OH +00 
NH, NH, 
CH.N(CH;);0OH = ONE) 
N(CH,)-CH»-CH»-OH + 2CH,-OH 


Cholin Urea 


Intermediate compound Formic acid 


By oxidation and the loss of a molecule of water from the inter- 
mediate body creatin is formed. 


NH; 


cae pre +0; = C(NE)S 
CONE) \N(CH,)—CH; 


N(CHs3)-CH2-CH.OH 
COOH 


By injecting cholin neutralized with HCl Riesser was able to 
demonstrate an increase in the creatin content of rabbits muscles and 
an increased elimination®® of creatinin in addition to a fair amount 
of creatin, in the urine. Betain which is closely related to cholin had a 
similar though less marked effect. , 

That creatin of the urine is not of necessity derived from creatin of 
the muscles is inferred by Benedict and Osterberg*4 from their discovery 
that the muscles of a phloridzinized dog which had suffered large 
losses of creatin were nevertheless richer in creatin than those of a 
normal dog. Creatin is not found in the urine of normal adults except 
during starvation or undernutrition, and it quickly disappears from 
the urine when either carbohydrate” or fat!®. 29 ig added so as to 
cover the requirements for energy. Any pathological condition which 
produces a wasting of tissue causes its prompt appearance in the urine. 
Conditions such as these, as we have seen, cause an increase also in the 
- elimination of creatinin. 

It is now generally agreed?7#. 131, 97, 244 that creatin occurs as a 
regular constituent of the urine of all normal children, particularly of 
the night urine.'*': °’ It would serve little purpose in the present state 
of our knowledge to give extensive data on the amount excreted by 
children, for it has recently come to light, (1) that infants unlike 
adults excrete creatin ingested with the food; !4° and (2) that milk con- 
tains significant quantities of creatin (Table 86, p. 797). Denis and her 
colleagues*’: °° have demonstrated an apparently close relationship be- 
tween the creatin excretion and the protein intake, the excretion “‘ being 
large when quantities of creatin-free protein are ingested, decreasing 
and in some cases disappearing when a very low protein diet is given.” 
These results were confirmed in a general way for infants by Gamble 
and Goldschmidt'** by varying the amount of whole milk given. They 
were led to suspect, however, that the creatin of the cow’s milk might 
be sufficient in amount to account for the variations produced in the 
urinary creatin. This proved to be the case, and the variations in 
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urinary creatin could be produced quite as well by additions of whey 
as by additions of whole milk. Definite proof of the influence of 
protein is therefore wanting at this time. 

Vegetarian children were observed by Folin and Denis to excrete 
from 8 to 18 mg. of creatin in 100 c.c. of urine while children on 
ordinary mixed diets eliminated up to 250 mg. daily. On milk diets 
(called ‘“creatin-free”) the amount was 150 to 160 mg. daily (see also 
Table 92). is 

The role of carbohydrate in driving creatin from the urine is not so 
obvious as it seemed a few years ago;7°* for it now appears that fat can 
accomplish the same end, only less readily.?°1:1°° It will-be necessary 
to control the effect both of fat and of protein before an assured position 
can be taken regarding the relation of creatin in the urine to the sparing 
effect of carbohydrate. 

Creatinuria coincides often but not invariably with aciduria. This 
was pointed out originally by Krause and Cramer,**° and was supported 
by Underhill*** upon the basis of observations on the effects of a corn 
and oats diet in rabbits. An acid urine was produced by this diet 
and creatin was invariably found as an accompaniment, whereas on a 
diet of carrots alkaline urines were obtained and no creatin. Under- 
hill inferred a condition of acidosis from the occurrence of a highly acid 
urine. However, since an actual depletion of alkali was not demon- 
strated it is not certain that a true acidosis existed. Besides, Gamble 
and Goldschmidt!*** were unable to discover any change in the amount 
of creatin eliminated by an infant when 100 c.c. N/10 HCl was adminis- 
tered with the milk and the p, of the urine was changed from 6.4 ina 
control period to 5.9. Sodium bicarbonate likewise failed to lower 
the excretion of creatin although the p, was raised to 8.3. The only 
experiments which appear to corroborate the original idea of a coinci- 
dence, and, therefore, probably a causal relationship, between acidosis 
and creatinuria are those of Sawyer, Stevens and Baumann.*82 These 
authors produced a real change in the alkali reserve (bicarbonate of 
the plasma) by administration to children of a high fat and low carbo- 
hydrate diet. In all their experiments there was a pronounced increase 
in the creatinuria during the period of acidosis, although the creatinuria 
occurred at times also when there was no acidosis. 

7. Uric Acid—Coincident and equally significant with the dis- 
coveries leading to the resolution of the ordinary proteins into their 
constituent amino-acids (p. 783) have been those which revealed the 
structure of nucleic acids. For nucleic acids combined with ordinary 
proteins as nucleo-proteins, enter into the composition of every cell 
nucleus in the body. When we consider that the nuclei not only trans- 
mit the hereditary traits which work themselves out in our mature 
bodies but. constitute also the very center of the metabolic and trophic 
activities In many if not in all types of cells, we see how important 
this knowledge may one day become in the elucidation of the vital 
processes. Particularly should this field be of interest to those con- 
cerned with problems of growth and development of the infant. The 
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subject can be given but a small fraction of the attention it deserves 
in this place. 

The rate of destruction of nucleic acid and therefore of nucleo- 
proteins in the body can be followed by analysis of the urine for uric 
acid and the purin bases. Recall briefly a few of the underlying chem- 
ical facts. Nucleic acids are polymeric compounds of smaller acid 
bodies known as nucleotids. A nucleotid consists of a carbohydrate 
combined on the one hand with phosphoric acid and on the other 
with a pyrimidin base, such as urocyl or cytosin, or with a purin 
base, such as adenin or guanin. It requires an enzyme known as a 
nucleinase to split a nucleic acid into its component nucleotids. Phos- 
phoric acid may be split off from a nucleotid by a nucleotidase, leaving 
the carbohydrate and the base as a nucleosid. Finally a nucleosidase 
may break the bond between carbohydrate and purin base thus com- 
pleting the destruction of a nucleo-protein. The first enzyme nuclei- 
nase exists in the pancreatic juice (p. 731); the others are found in the 
various tissues (liver, muscle, etc.). The phosphoric acid is excreted 
in combination with some basic element; and the carbohydrate is 
burned; but the purin base if not used for synthesis must be eliminated. 
Meanwhile it is subjected to oxidation. Adenin when oxidized becomes 
hypoxanthin, guanin becomes xanthin and either of the last-named 
bodies may be further oxidized to uric acid. The following schema 
will serve to visualize these successive stops. * 


Nucleic acid 
| 
Nucleinase (Intestinal wall) 
Nucleotid Nucleotid Nucleotid Nucleotid 
(e.g. guanylic acid) 
| 


Nucleotidase (liver or muscle) 


peg tales Seer 


(guanosin) 
Nucleosidase (liver) 
Guanin d-ribose 
Xanthin 


Urie acid 


Since the casein of milk is a phospho-protein containing para- 
* For a complete discussion see ‘‘The Nucleic Acids” by Walter Jones, 2nd ed. 
N. Y., 1921. 
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nucleo-protein or nucleo-albumin (p. 718) which yields on further 
cleavage only phosphoric acid and albumin but never purin bases, it 
follows that the infant must be able to manufacture its own purin 
bodies for the construction of true nucleic acids. It follows further 
that the uric acid and purin bases of the infant’s urine are practically 
all of endogenous origin. ’ 

The quantity of uric acid eliminated in the first few days of life hee 
been studied by reliable methods by Reusing, *®° Orgler,**? Niemann, ° ; 
and Schloss and Crawford.*®®> Schloss and Crawford compare their own 
results with those of Reusing in the following table. 


Taste 94.—TuEe Uric Actp ELIMINATION IN THE NEWBORN 


: x Schloss and Crawford 
Day Reusing (6 cases) 


(8 cases) 
1 41.1 mg. in 24 hrs. 29.3 mg. in 24 hrs. 
2 41.1 mg. in 24 hrs. 75.5 mg. in 24 hrs. 
3 83.1 mg. in 24hrs.  ~ 91.0 mg. in 24 hrs. 
4 39.5 mg. in 24 hrs. 62.3 mg. in 24 hrs. 
5 56.6 mg. in 24 hrs 42.7 mg. in 24 hrs. 
6 46.3 mg. in 24 hrs. 36.4 mg. in 24 hrs. 
7 37.3 mg. in 24 hrs. 36.1 mg. in 24 hrs. 
Bee 2 © LS PMS ee Se eae 36.0 mg. in 24 hrs. 
ONT A UR eee eee 29.3 mg. in 24 hrs. 


The excretion rises rapidly to a maximum on the third day then 
goes down steadily until it becomes stationary at a level of about one- 
half that at which it started. Considering that an adult man weighing 
70 kg. will eliminate in 24 hours only 300 to 600 mg. of endogenous 
uric acid this excretion by an infant of perhaps 3.5 kg. particularly 
the first few days is very high. The peak of the elimination curve 
coincides with the most frequent occurrence of uric acid infarcts long 
known in the kidney of the newborn. Reusing was of the opinion 
that the urate deposits in the medullary portion of the kidney which 
make up the infarcts were caused by the high purin metabolism, an 
acid urine and particularly by the great concentration of the urine due 
to a deficient fluid intake. 

Niemann*”* suggested that the high nucleo-protein metabolism 
manifested by the high elimination, accompanied by cast formation 
(infarcts), was the result of an excessive destruction of leukocytes. 
Schloss and Crawford went further and demonstrated an inverse 
relationship between the leukocyte count and the total purin excretion. 
Particularly was this true in eases of late ligation (two to five minutes 
after the pulsations of the cord had ceased). Although there is no 
absolute proof of a causal relationship here, the indications are that the 
high excretion of uric acid is due to leukocytolysis and that this is 
greater on the second and third days of life in infants which have © 
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received a liberal amount of blood from the placenta. The uric acid 
of the blood itself is highest on the third day after which it falls steadily 
to the eighth day.*° 

Schloss and Crawford gave conclusive proof that the uric acid 
excretion the first few days was not traceable to the ingestion of cellular 
material in the colostrum and this has been confirmed by Birk.*4 The 
purin content of the colostrum proved to be only in the region of 6 mg. 
per 100 c.c. of fluid at the highest. That the infant is capable of trans- 
forming nucleic acid, were it present in the food, may be seen in the 
experiments of Niemann in which after a control period he gave 0.5 
to 3.0 gm. of sodium nucleinate in the food. For one of these, an 
infant eight months of age, the results were: 


TABLE 95.—INFLUENCE OF SopiuM NUCLEINATE ON THE PuriIN METABOLISM OF AN 
Erent Monrus Inrant (NIpMANN) 


Uric acid, : Purin bases, 

Period milligrams, ee Rael) milligrams, 
urine milligrams feces 
ES HOre periOdee 25 2. -ts.-= 5 81.5 10.68 42.0 
Pie shore penod=<s, 20... - 93.8 10.0 40.5 
3.0 gm. Na. Nucleinate in food. 260.6 10.3 TAz2 
NTteM DELOGer eh oe ace ies oe 108.1 13-1 51.2 


Nearly 10 per cent. of the extra material ingested was removed by 
way of the urine as uric acid, none of it as purin bases, except a small 
amount which augmented this fraction in the stool. 

Orgler**? maintains that the uric acid output of the infant is con- 
_ siderably higher on artificial feeding than on breast feeding. 


TaBLE 96.—ExcreTION or Uric Acid anp Toran Purin BoDIES BY THE SAME 
INFANTS ON BREAST AND ARTIFICIAL FEEDING (ORGLER) 


Case I Case II Case III ~ Case IV 


: Total P Total ; Total . Total 
Use | purin,| Cue | pun | Sag | pam | aad | pura 
bodies* bodies bodies bodies 


Breast feeding........------ 130.1 | 137.0 | 125.0 | 159.3 | 153.6 153.6 | 153.4 | 195.7 
Artificial feeding......----.- 201.2 | 244.6 | 247.2 | 288.3 | 227.6 242.4 | 204.7 | 248.9 
Increase in per cent......... 54.0 Leak 99.0 82.0 50.0 40.0 33).0 28.0 


ee eee EE ee 
* Total purin bodies are calculated to the basis of uric acid. 


This greater excretion on cow’s milk Orgler proved was not the 
consequence of a larger ingestion of protein, and this fact is confirmed 
by the observations of Talbot and Gamble. Moreover, we have ré- 
cently learned (p. 797) that cow’s milk contains on the average less uric 
acid among the extractive substances than does mother’s milk. Orgler 
found, however, that carbohydrate has a marked effect to reduce the 

Vou. I—52 
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purin metabolism whenever it causes a greater retention of nitrogen; 
otherwise not. Quite probably there is utilization of the endogenous 
purin bodies in a case of this kind for construction of new nucleo- 
proteins and the more economical effect of mother’s milk upon the purin 
metabolism must be referred to those unknown factors which account 
for more rapid growth under these circumstances. 

In older children the uric acid of the urine is exogenous in origin 
as well as endogenous. Johnston and Veeder (Table 92) report 
measurably more uric acid from children on so-called creatin-free 
diets than on their standard diets. The reason for this is not obvious. 

8. Purin Bases.—The excretion of nitrogen in this form by the 
newborn infant is exceedingly small. Only on a single day in one of 
the cases studied by Niemann was the weight of purin bases more 
than 10 mg. The results of Schloss and Crawford and of Birk are in 
agreement with this. The table below from Schloss and Crawford is 
modified to include their data on the purin base nitrogen separately 
from the total purin nitrogen. 


TaBLE 97.—EXCRETION OF PuRIN Base NirrRoGEN, ToTat Purtn NITROGEN AND 
Tora NITROGEN BY THE NEWBORN. AVERAGE OF Five Ligation Casrs 
(ScHLoss AND CRAWFORD) 


Total N f Ratio of to- 
Day milligrams | Purin base N Total purin tal P. N. to 
; N. 
total N 
1 172 5.5 24.7 Tee 
2 241 10.8 40.4 1:6 
3 332 Onn 43.9 V7, 
4 271 7.0 2720 1:10 
5 327 Ne | 18.5 HOD EF, 
6 342 Lee 19.0 1:18 
Ue 274 4.0 16.1 AE AY, 
8 333 Bik me HE EB tees 
oe 


The excretion of purin bases runs approximately parallel to the 
total purin and therefore to the uric acid. The rapid fall in the ratio 
is due to the early flushing out of purin metabolites already discussed. 

The purin base elimination does not appear to have been studied in 
older children. 

Distribution of Sulphur in the Urine of Infants and 
Children.—Sulphur exists in foods in two forms: As salts of sulphuric 
cw and as organic sulphur, chiefly in the form of the amino-acid, 
cystin, 

S—CH.:CHNH.:-COOH 


S—CH,:CHNH,:COOH 
Since even the salts of sulphur are constant in different kinds of 
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protein, it follows that the elimination of sulphur in the urine may be 
used as a measure of protein metabolism with nearly as much exact- 
ness as can the nitrogen. Taken by and large the total sulphur of the 
urine and the total nitrogen should therefore run parallel and this 
is a well attested fact.?"° With any given kind of food or in any given 
state of protein metabolism as in fasting, the ratio of N to S in the 
urine is fairly constant. Thus Cathcart®’ found in the case of a 
professional faster that the N:Sratio was 15:1. Since it is known that 
the N:Sratio in muscular tissue is 14:1 it follows that muscular tis- 
sue must bear the brunt of the protein disintegration in fasting. When 
proteins are superimposed on otherwise adequate diets and the-extra 
N. and 8. eliminated in the urine are followed in short periods, 
it is usually found that the sulphur is excreted more rapidly than 
the nitrogen. 

When it comes to the replacement of S lost from the body in fasting 
as compared with replacement of N, it is found that the sulphur seems 
' to be retained easier, 7.e., in larger proportion relative to the intake, 
than is nitrogen. Furthermore, Lewis?*’: ?°* has brought to light the 
interesting fact that the administration of cystin under these con- 
ditions is more efficacious for retention of nitrogen than is the addition 
of an equivalent amount (N) of tryptophan or glycocoll. A more 
crucial comparison perhaps would have been serin or i-alanin with. 
cystin. In any event the inference is that in covering a need for 
sulphur a coincident need for nitrogen is more easily met than if S were 
not in demand. A double use, in other words, is made of cystin, and 
this may be the key to its importance as a limiting factor in growth.**” 

Inorganic sulphates cannot supply the demand which is satisfied 
by cystin. Daniels and Rich*® gave to different and parallel groups 
of -rats diets which differed only as regards the presence or absence of 
inorganic sulphates in more than sufficient amount to cover the 
requirement for organic sulphur. When sufficient cystin was present 
(as casein) the two groups grew equally well, but when only 12 per 
cent. casein (an insufficient percentage to supply cystin) was given 
_both groups failed to exactly the same degree. The sulphates could 

not be used to synthesize cystin. 

The retention of sulphur is influenced by carbohydrate in exactly 
the same way as is the retention of N. This has not yet been studied 
as a separate problem in the infant; but in adults*”° and animals**** 
a larger “sparing” by carbohydrate than by fat is usually evident. 
Zeller, however, claims that when 20 per cent. of the non-nitrogenous 
calories are in the form of carbohydrate just as much sparing effect is 
obtained as when all are in this form and fat is entirely excluded. 
When 90 per cent. or more of the non-nitrogenous calories are in the 
form of fat body protein is broken down and the neutral sulphur, 
amino-acid and polypeptid nitrogen of the urine rise together. 

The sulphur of the urine is present in three different forms: (1) 
inorganic sulphates; (2) ethereal or conjugated sulphates; and (3) 
neutral sulphur. The percentages of the total sulphur in which these 
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fractions occur in the urines of adults on high and low protein foods 
have been given in Table 91 (p. 804). In infants on moderate amounts 
of protein, as in all cases where active retention of nitrogen is going on, 
the inorganic sulphates make up a smaller percentage of the total 
sulphur and the neutral sulphur especially, as a consequence rises. 

_ 1. Inorganic Sulphates.—While preformed sulphates from the food 
make up a part of the sulphate sulphur found in the urine, the major 
part comes from the oxidation of organic sulphur tied up in the protein 
molecule. As an illustration of the influence of protein intake upon 
the distribution of sulphur in the urine of an infant the following 
table adapted from Talbot and Gamble may be presented. 


"TaBLE 98.—InFLUENCE OF PROTEIN INTAKE ON DIsTRIBUTION OF THE SULPHUR 
IN THE URINE oF AN INFANT (TALBOT AND GAMBLE) 


a 


Sulphur fractions 
: Ave, | Proven Wace 30. I ic SOs | Ethereal SOs | Neutral SO 
Barod gates in food, fale Poa: / ey 3 erea. ibe 3 
4 Be | enter alo MAN ols) Per JQdMilee 1 Pema anneal ee 
| grams | cent. grams cent. grams cent. 
| | 
1 54 10.2 959 190 fit 4) 58 28 15 51 27 
2 534 20.0 1939 344. | 255 | 74 15 4 74 22 
3 6 23.3 2494 L 2 428 15 3635 | 85 13 3 52 12 
4 614 29.5 2688 465 | 387 | 83 15 3 63 14 
5 634 36.2 3964 | 679° |. 592 | 87 18 3 69 10 
| | ; 
ee 


Although neither the total calories nor the distribution of the 
calories to carbohydrate and fat were perfectly constant, the variations 
were scarcely large enough to affect the partition of the sulphur. The 
only variable of significance, therefore, was the amount of protein 
(N and §) in the food. The rise in percentage of the inorganic sulphate 
and the consequent fall of the neutral sulphur fraction are very pro- 
nounced. The N retention in this experiment is given in Table 87 
(p. 798). These is no relation between the retention and the inorganic 
sulphates for the reason that the nitrogen intake is so large in the later 
periods as to completely obscure the effect of retention. If the sulphur 
balance were known it is possible some reason for the peculiar behavior 
of the sulphates could be made out. As matters stand there is good 
agreement between the results on the infant and those reported by 
Folin for the adult. High protein means high inorganic sulphates 
both absolute and relative, and it means increased (absolute) excretion 
of neutral sulphur although this fraction makes up an even smaller 
percentage of the total. 

2. Ethereal Sulphates—The conjugation of phenol with sulphuric 
acid takes place according to this equation, 


wk 
CsH;OH + KHSO, = OLS + HO 
CoH; 


‘The same sort of union may occur with any phenol derivative. This 


METABOLISM BEYOND THE INTESTINAL WALL | 821 


is a means of rendering toxic agents innocuous which is of great impor- 
tance to the body. The conjugated or paired sulphates are now 
generally called the ethereal sulphates because of their structural 
resemblance to sulphuric ether. 

While the ethereal sulphates have commonly been looked upon as a 
measure of putrefaction in the intestinal tract resulting in the libera- 
tion of phenols and related bodies, this cannot be their only significance 
for they are found in the urine of the newborn, albeit in very small 
quantity, and even in the amniotic fluid.°! This probably means 
that the phenols in very small amount are formed in normal metab- 
olism and are at once tied up with sulphate constantly being formed 
in the tissues by oxidation of organic sulphur. Senator found in the 
urine of newborns 2.21 mg. of. ethereal sulphur per 100 c.c. as the 
average of six determinations. In older children naturally much 
larger absolute amounts are found and they make up a somewhat 
larger proportion of the total sulphur. In .29 determinations on 12 
normal children Haldane reported the ratio of ethereal to inorganic 
sulphate at 1:18.8. This is about the same as shown in period 2 of 
Table 98. In most wasting diseases the proportion is higher; e.g., 
in diphtheria 1:12.7. Often with cow’s milk the percentage of ethereal 
sulphate sulphur is less than on breast milk. 


TasLeE 99.—ETHEREAL SULPHATE AND NeEuTRAL SULPHUR IN THE URINE OF 
Inrants (FREUND) 


Per cent. of total S 
Child PSOE ha cWrateht Food 
: months 

Neutral S | Ethereal S 
1d Feere ine 2146 . 4850 Mother’s milk 46.6 GaGie 
NSS Vas ses 234 ewes Two-third’s cow’s 

milk and milk sugar 31.9 2.0 

WIS W oso 44 5100 Mother’s milk 51.5 - 6.0 
Pe 2 3920 Mother’s milk 56.0 13.9 


As Talbot and Gamble have pointed out the ammonia in the urine 

_ and still better in the feces (p. 751) is probably a more reliable measure 

of putrefaction in the infant than are the ethereal sulphates of the urine. 
‘The main reason for this is the fact that casein doesnot lend itself 
readily to the support of putrefaction. Moreover any protein can 
yield ammonia whereas only those containing much tyrosin, phenyl- 
alanin and the like can yield phenols. 

The addition of phenols to the food will always produce an increase 
in the conjugated sulphates in the urine, and in cases of poisoning with 
carbolic acid the entire sulphur of the urine may take this form. 

3. Neutral Sulphur—The designation of neutral sulphur was 
given by Salkowski to cover all the unoxidized sulphur of the urine. 
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This consists mainly of hyposulphites, sulpho-cyanic acid or cyanates, 
derivatives of taurin, cystin, etc. They arise in part from the food 
but mainly from the endogenous proteolysis. Consequently as noted 
on p. 803 the neutral sulphur tends to remain constant under any 
given set of conditions. 

This constancy in the absolute sense holds true for the infant no 
less than for the adult. The fairly high percentages seen (Tables 98 
and 99) are due, as Tobler*”® has stated, more to the low total sulphur 
than to an absolutely high product of tissue katabolism. According 
to Eisner'! the neutral sulphur of the infant’s urine normally comes 
mainly from the resorbed bile although a part even in health he admits 
may have its origin in the proteinic acids. Pathologically as in star- 
vation and conditions approaching starvation like marasmus the neutral 
sulphur represents true tissue disintegration. Schwarz*®® found 7.8 
per cent. of the total sulphur present as neutral sulphur in the case 
of a 519 year old normal boy and 7.4 per cent. for a rachitic child 
with normal musculature. In two other rachitics whose muscles were 
much wasted the. percentage was 18 and 17 respectively. 

Phosphorus asa Katabolite—Phosphorus is present in food materials 
in four different forms: .(1) phosphatids, e.g., lecithin; (2) inorganic 
phosphates; (3) water soluble esters; and (4) phospho-proteins and 
nucleins.'°* There is no doubt that the growing organism can cover 
its requirements for this element if taken in the form of organic 
phosphorus, (1) or (4) of the above classification. This has been 
definitely proved both for lecithin and nucleo-proteins (casein). 
Evidence accumulates rapidly also that the inorganic phosphates are 
sufficient to maintain life in the mature animal and to support normal 
growth in the young. Fingerling!”° has proved that ducks maintained 
for long periods of time on phosphates as the sole source of phosphorus 
produced eggs just as rich in nucleins and lecithin as when fed on 
organic phosphorus. They also maintained body weight. McCollum 
as the result of long experience with rats and farm animals states that 
he has never seen growth enhanced by the addition of organic phos- . 
phorus to diets containing an adequate amount of inorganic phos- 
phates.?”° Osborne and Mendel®*® state that in their experience with 
white rats ‘‘where protein furnished the phosphorus as in the case of 
casein, the inhibition of growth was not so pronounced as where the 
protein edestin, which contains no phosphorus, was furnished. With . 
edestin foods, likewise, addition of inorganic phosphorus to the diet 
brought prompt responses, thus proving that aside from possible minute 
quantities, phosphorus in organic combination is not needed by the. 
growing animal.”’ 

As already noted on page 776 phosphorus occurs normally also in 
the feces and may be increased by feeding calcium, carbonate or milk 
thus permitting the formation of insoluble phosphates. In children 
fed on mixed diets containing vegetable with a high calcium percentage 
the channel of excretion is largely through the feces. But this is not 
phosphorus of metabolism. 
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; Phosphorus as a katabolite of protein whether of the food or of tissue 
is excreted mainly through the urine. In starvation the ratio of N to 
P20; is fairly constant, but is not quite so high as the ratio in meat 
which is 7.6:1. The lower ratio is due to the phosphorus which comes 
from the bones. In the famous observations of the Freunds'*® on the 
professional faster Succi the ratio was 5.7 on the first day, but it fell 
subsequently to 4.2 and 4.4. In Benedict’s** observations upon his 
fasting man the ratio was 4.28 the first day, 5.26 on the eleventh, 
4.96 on the twenty-first and 5.26 on the thirty-first. 

In the newborn infants studied by Schloss and Crawford®®> the 
average P.O; in the urine for four cases was 53.5, 6.4 and 10.8 mg. for 
three successive periods of three days each. In certain cases the 
amount was too small to be measured quantitatively and this confirms 
the previous findings of several observers quoted by Schloss and Craw- 
ford. Moll*°% had emphasized the importance of an estimation of the 
urinary phosphorus. He found that the urine of a normally growing 
breast-fed infant contains from 10 to 20 mg. of P.O; daily. In other 
words the urine is normally nearly phosphorus-free. Starvation did 
not materially increase the phosphorus excretion, from which it may 
be argued that the youthful tissues hold their phosphorus very tena- 
ciously. In alimentary intoxications, however, the excretion of this 
element is greatly increased. In fact Moll infers that whenever an 
infant excretes considerable phosphorus, particularly if at the same time 
it is losing weight, it is sick. 

Keller??’ who had previously reported the very scanty excretion of 
phosphorus in breast-fed infants also noted that a normal infant on a 
diet of cow’s milk excretes considerably more of this element in the 
urine, the difference from the breast-fed infant’ being greater than 
could be accounted for by the greater phosphorus content of the 
ingested food. He inferred that the phosphorus of cow’s milk, 
although absorbed equally well with that of mother’s milk, is less well 
retained and turned to account by the tissues. 

The relation of the organic phosphorus to the inorganic forms occur- 
ring in cow’s milk as compared with breast milk to which Keller referred 
the difference in retention has been placed in doubt by later studies of 
the subject. Njegovan*?’ in fact comes to the conclusion that the 
methods which have been used to determine the phosphatids are 
wholly unreliable and that milk does not contain any phosphatids. 
Czerny and Keller* after reviewing the latest investigations state that 
all theories which seek to explain the differences in phosphorus meta- 
bolism after feeding with mother’s milk and cow’s* milk are 
valueless. 

The retention of phosphorus is quite variable as is true of the other 
ash constituents. Schloss and Crawford give the following table for 
one of their newborn, breast-fed infants. These results are in close 
agreement with those of Michel who reported retention in two infants 
five days of age of 87.3 and 77.3 per cent. of the phosphorus (P205) 
ingested. Hoobler summarizes the retention in various cases reported 
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Tasie 100.—Tur PHospHorus BALANCE ofr A NEWBORN Inrant Durine THREE 
pAy Prriops (SCHLOSS AND CRAWFORD) 


aa - 


: P.O; in urine lie 
Period SS becabang and feces aie enti i 
milligrams ane 
1 155.5 85.5 + 70.0 
2 492.9 67.9 4425.0 
3 483.0 88.8 4394.2 


Per cent. 
retention 


in the literature together with his own observations on a single 
infant nine months of age in the following table. 


TasBLe 101.—RETENTION oF PHosPHORus (P20;) In INFANCY (HOOBLER) 


Elimination Retention 
Food Intake | 
Feces | Urine) Grams | Per cent. 
Mother/symailice rer. ara eee 0.2768 | 0.0363 0.0481 0.192 69.13 
Mother’s milk, 5 months........| 0.2030 | 0.0220 |0.088 | 0.093 45.9 
Cows milkeaesees aoe mee ee 1.4429 | 0.5352 (0.5003) 0.4074 30.7 
Cow’s milk (Keller’s 234 mo.)...| 0.8248 | 0.1073 |0.4106 0.3068 wOse 
Cow’s milk (Blauberg’s 74 mo.); 2.0605 | 0.9627 0.5899) 0.5079 24.2 
Diluted cow’s milk, 2.1 per cent. 
fait@Loobler) eines ers sehaeieets « 2.2155 | 0.7648 {1.152 | 0.3320 14.5 
Cow’s milk, whole, 4 per cent. fat 
(Hoobler)aasee..: panned sees: 2.7418 | 0.59914/2.009 | 0.1336 4.8 
Cow’s milk and cream, 5.4 per | 
Gem. dats ao armitage ena 2.2346 | 0.3789 |1.336 | 0.6196 Paeath 


Hoobler states that the daily needs of the infant for phosphorus is 
satisfied by a daily intake of 0.7 to 0.8 gm. of P20; asa minimum and 
1 to 2 gm. as a maximum, the wide variation being due to the close 
association of this element with the protein molecule and therefore 
to the fate of protein in metabolism. Koeppe?** who studied the 
excretion in two normal bottle-fed infants over long periods of time, 
the diet being varied by feeding with ‘‘butter-milk soup,” cow’s milk 
diluted one-half, cow’s milk diluted to two-thirds strength, whole 
cow’s milk, oatmeal water and cow’s milk containing an addition of 
1 gm. of NaCl, drew the following conclusions, ‘(1) on equal quan- 
tities of food the amount of P20; excreted in the urine varies with the 
kind of food, (2) on the same kind of food the amount excreted is 
conditioned by the amount of food.’’232 

Other Ash Constituents.—The metabolism beyond the alimen- 
tary wall of other ash constituents than those immediately associated 
with the metabolism of protein will be summarized briefly in several 
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tables taken from the most recent studies of this subject. These 
studies have been referred to quite extensively under the heading of 
the utilization of ash constituents. 

For the breast-fed infant the researches of Tobler and Noll4*° and of 
Lindberg’** may be cited. In both periods shown in the table Lindberg 


TaBLE 102.—Minerat Merasouism ofr A BREAST-FED INFANT Two AND ONE- 


HALF Montus (TosLer AND NOLL) 
Output Retention 
Element | Intake 
Feces Urine Total Balance | Per cent. 

Nitrogen ay 20). 20. | 1.146 C4132 0.464 0.596 0.550 48.9 
thotalssshic; am ede? 0.399 0.491 0.890 0.252 22m 
ASG OVE eke ees 0.343 0.058 O12 0.171 0.173 50.3 
Nas Oia chen es 0.221 0.008 0.008 0.016 0.205 92.6 
OO eae a en 0.239 0.148 0.037 0.185 0.053 22.0 
MOR kan el, L028 ok 0.018 

GEE ea a Fine a 0.069 0.003 0.056 0.059 0.011 15.3 
SD ten aad ee enn 0.137 0.036 0.044 0.08 0.056 41.3 
Pig) pit rae 0.210 0.034 0.057 0.091 0.119 56.5 


Taste 103.—Minerat Merasouism oF A Two AND ONE-HALF Montus BreEast- 
FED InFANT IN Two THREE-DAY PERIopDS (LINDBERG) _ 


Output Retention 
Ash constituents | Intake 
Urine Feces Total Grams eo: cents 
of intake 
Total :ash...... I | 1.4788 | 0.5268 | 0.5285 | 1.0553 0.4235 28.64 
II | 1.4714 | 0.4348 | 0.5824 | 1.0171 0.4543 30.87 
1 Ose 024234515 052671 0081971073490 0.0744 ligeaeaye 
II | 0.4421 | 0.2114 | 0.1078 | 0.3192 0.1229 27.80 
Na.O.......... I | 0.1308 | 0.0165 | 0.0316 | 0.0480 0.0828 63.28 
II | 0.1618 | 0.0420 | 0.0460 | 0.0880 0.0738 45.59 
OnOy wri es I | 0.2572 | 0.0183 | 0.1827 | 0.2010 0.0562 21.86 
II | 0.2615 | 0.0228 | 0.1748 | 0.1976 0.0639 24.43 
VEO res carer I | 0.0501 | 0.0160 | 0.0152 | 0.0312 0.0189 37.68 
II | 0.0484 | 0.0106 | 0.0238 | 0.0344 0.0140 28.86 
NaCl.. I | 0.4189 | 0.2515 | 0.0214 | 0.2729 0.1460 * 34.86 
II | 0.4208 | 0.2342 ; 0.0402 | 0.2744 0.1464 34.79 
iO preer seees< I | 0.2940 | 0.0464 | 0.0554 | 0.1018 0.1922 65.39 
II | 0.2889 | 0.0875 | 0.0618 | 0.1439 0.1397 48.34 


“ap Sea Sep 2 nals tl I tS nt ee ee ee 


fed his subject on expressed breast-milk containing in 1,000 parts 1.715 
to 1.729 gm. Nitrogen, 36.6-44.0 gm. fat, 2.037-2.012 gm. ash, 
0.4 gm. P20;, 0.57-0.58 gm. NaCl, 0.35-0.362 gm. CaO, 0.0667— 
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0.067 gm. MgO, 0.576-0.612 gm. K20, 0.178—0.224 gm. Na2O. The 
object of this experiment was to determine the influence of the fat 
of breast-milk upon the utilization and retention of the ash constituents. 
The influence upon utilization has been shown in the several tables 75, 
77, and 79, where Lindberg’s results are presented together with 
those of other observers. 

In a second experiment, not shown in the table, the fat was in- 
creased to 5.7 to 6.6 per cent. The greatest effect as regards retention 
was upon the calcium and phosphorus. Only 0.038 gm. CaO was 
retained daily in the first half as against 0.056 and 0.0639 gm. in the 
previous experiment (Table 103) and in the second half there was an 
actual net loss of 0.083 gm. The phosphorus elimination through 
the urine was considerably increased but this is not accounted for by the 
formation of soaps. Lindberg believes the influence of fat upon the 
mineral metabolism is to be sought in the intermediary metabolism 
(p. 774). 

In this connection it is interesting to compute the amounts of the 
several ash constituents necessary to the formation of a unit of growth 
‘in weight. Such a computation has been made by several observers. 
The following table prepared by Mattill and Mattill?®® is presented 
through the courtesy of these writers. Lindberg points out that the 


TaBLe 104.—Amounts oF MINERAL SussTANcEesS NECESSARY TO THE FORMATION 
or 100 Gm. Bopy Werieur (Marrint anp Marriz) 


renee oe K:0, | Na:0, | Cad, | MgO, | P:0s, 
months | &7@™8 grams | grams | grams | grams 
Camerer and Soldner (based on com- 
position of newborn body).........../........ La Oe20 0.24 1.00 0.04 1.04 
Crohnheim and Miller (based on re-| 3 to 4 1.53 0.66 1.97 0.18 1.77 
tention). 5 to 6 1.26 0.49 0.48 0.12 0.78 
Meyer, L. F. (based on fasting)....... Iron eanste h Oars: Ole 0s ar LZ 
Tobler and Noll (based on average gain 
per day. of 24.3 pm). fi. 050 eee 216 0.69 0.82 ie vie 0.47 
EE ee 


practice of calculating gain in mineral constituents upon the basis of 
the composition of the newborn, as Camerer and Solder have done, is not 
exact ; for it cannot be assumed that the composition of the body of an 
older infant is the same as in the newborn. The nitrogen content of 
_ the muscles of the infant is much less than that of the adult. The Ca 
content decreases with age, likewise the sodium ; while contrariwise 
the potassium and phosphoric acid increase. 

For older children the retention of ash constituents has been studied 
by Jundelt?'®* and Herbst.!8? The former made observations on two 
boys five and one-half and seven and three-quarter years of age, who 
were admitted to the hospital suffering with light attacks of polyarth- 
ritis, but at the time of the metabolism study were free of symptoms. 
The two boys designated as K and N received the following food 
calculated per kilogram of body weight. 
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; ; Protein | Fat CH | 
Kilogram of bod sight : d ; alori 
= Ses grams | grams | grams | Palos 
K—5¥y years, weight 18.4kg............ BOO) = 2-686 | 102792 | Siei 
N—734 years, weight 23.1kg............ 2.915 | 2.697 | 10.893 | 81.9 


TaBLeE 105.—Minperat Merasouism or Two Boys Five anp ONE-HALF AND 
SEVEN AND THREE-QUARTER YEARS OF AGE (JUNDELT) 


Intake Output Retention 
Ash Feces Urine 
constituents K N | K N 
K N K N 
Total ash.«...... 0.7471 | 0.6969 | 0.1336 | 0.1242 | 0.4691 | 0.4288 | 410.1444 | +0.1439 
LE OTe ees eee 0.1443 | 0.1363 | 0.0491 | 0.0431 | 0.0638 | 0.0635 | +0.0315 | +0.0297 
2115 bear y gor ene 0.0596 | 0.0757 | 0.0498 | 0.0416 | 0.0069 | 0.0048 +0.0029 +0 .0294 
NEO... Secs aleere 0.0707 | 0.0648 | 0.0471 | 0.0411 | 0.0097 | 0.0079 | +0.0140 | 40.0159 
Ka Taw yt cee 0.1411 | 0.1363 | 0.0125 | 0.0127 | 0.1162 | 0.1059 | +0.0124 | +0.0177 
TED Gay eels 288 0.3455 | 0.2239 | 0.0108 | 0.0117 | 0.1039 | 0.1027 | +0.2307 | +0.1095 
GI (NaCl)... 0.3429 | 0.3237 | 0.0025 | 0.0088 | 0.3091.| 0.2922 +0. 0323 +0.0277 


Herbst’s studies were made upon two normal boys 13 years, 10 
months and 14 years, 7 months of age, while on a hike, and during a 
subsequent resting period. The results in brief are given below. 


TaBLe 106.—Daity RETENTION oF CaO, P.O; anv N, per Kinocram or Bopy 
WEIGHT oF Two Normat Boys (HERBST) 


CaO re- | P2O; re- 
tained, tained, N retained, grams 
grams | grams 
Subject I (13 yr. 10 mo.).....| 0.0075 0.0148 +0.013 (6 days work) 
0.0042 0.0138 +0.045 (6 days rest) 
Subject II (14 yr. 7 mo.).....| 0.0118 0.0039 —0.020 (6 days work) 
0.0093 0.0111 +0.029 (6 days rest) 


These several studies constitute a beginning, but only a beginning, 
toward the attainment of a proper conception of the mineral needs of 
the growing child. Osborne and Mendel have recently drawn atten- 
tion to the paucity of information regarding the part played by the 
several inorganic elements of the diet. They say, “it is obvious that a 
growing and bone-producing, or a milk-producing animal requires 
calcium and phosphoric acid, and that at all periods of life chlorides 
are essential for the production of gastric juice. Conclusions like 
these afford an insufficient basis regarding the specific use of these as 
of the other elements.”’ They then outline a method for study of 
the importance for growth in rats of the several elements by exclusion 
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of them one after the other from the diet. This method obviously 
is not practicable with infants but the information gained from animal 
experiment may be checked and controlled by careful observation on 
children. It is highly important that such observations on a large 
scale in a carefully controlled institution should be inaugurated at an 
early date. They should be coupled with observations upon the phy- 
siology of vitamines, for there is nothing more certain than that the 
mineral metabolism must be profoundly affected by these accessory 
substances. The chapter which should logically follow this one can 
be written only when such an extensive study has been completed. 
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CHAPTER VI 


APPLICATION OF PHYSICAL CHEMISTRY TO THE PHYSI- 
OLOGY OF CHILDHOOD* 


By Jesse F. McCuenpon,: Pu. D., 
Minneapolis, Minn. 


Definitions.—Physical Chemistry (of solutions) is the study of 
chemical substances through changes in the physical properties of 
their solutions, and deals especially with energy relations. 

Aqueous Solutions—When a substance dissolves in water it 
becomes more or less dispersed through the solution. If the dispersion 
is very great we have a true solution and if the dispersion is 
not so great, we have a colloid solution. But there is no sharp dis- 
tinction between the two. Molecules of protein are so large that no 
great dispersion is possible without breaking down molecules; hence, 
the solution is always colloidal. Other substances may exist in true 
solution or in colloid solution and are then said to exist either in the 
crystalloid or colloid state of dispersion. There are a number of dis- 
tinctive properties of these two states of matter which are used to 
separate them, but any one property can not be used as a criterion. 

True dissolved substances may affect the color of light or rotate 
the plane of polarized light or even disperse (scatter) the light to a slight 
degree. Colloid solutions disperse light and at the same time polarize | 
it and change its color (Tyndall phenomenon). 

Matter in the colloid state does not diffuse easily through mem- 
branes and does not crystallize readily. 

Colloid solutions may gel or set to form gels (jellies). The state of 
being in colloid solution or in gel is called the colloid state of aggregation. 

Substances which may exist either in true or colloid solutions form 
suspension colloids (suspensoids) and those which exist only as colloids 
are called emulsion colloids (emulsoids), but there is no sharp line of 
distinction between the two groups. 

Emulsoids have large molecular weights and great affinities for water 
and greatly increase the viscosity of water. They are the only colloids 
found in the animal body. From them, colloids took their name 
(glue-like substances). Familiar examples are glue, which is an impure 
gelatin and agar-agar which is a carbohydrate. 

The following properties of solutions are often determined in physico- 
chemical studies. (In all these measurements, since only aqueous 
solutions are considered in physiology, distilled water is taken as the 
standard. A standard temperature must be used except in the case of 

* Owing to lack of space and the fact that some sections are treated in other 
parts of this work, a full discussion of this subject is not attempted. 
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freezing points. Temperature is always measured on the Centigrade 
scale (Celsius) and weights and measures In the metric system). 

Density.—The density of a solution is the weight of a known ~ 
volume of it as compared with the weight of the same volume of water 
at four degrees. For convenience, however, other temperatures have 
been used. The density of a solution decreases with rise of tem- 
perature and its volume increases. Thus, if we take a liter of water at 
four degrees, at which temperature it weighs 1 kg., it is more than a 
liter at any higher temperature. The liter flask expands slightly but 
the solution expands more readily as the temperature 1s raised. The 
density of a solution is proportional to the concentration of the dis- 
solved substances. The density of blood serum is about 1.03, of blood . 
1.06 and of cerebrospinal fluid less than 1.01. 

Refractive Index.—The refractive index of a solution is pro- 
portional to the concentration of the dissolved substances. The 
addition of 1 per cent. of protein raises the refractive index of an 
aqueous solution 0.001 per cent. The refractive index of serum is 
1.845 to 1.35. 

Viscosity.—The viscosity of an emulsoid solution is proportional 
to the concentration of the emulsoid. The viscosity decreases with 
rise in temperature. The greater the hydration of the colloid, the 
greater the viscosity. For this reason the addition of small amounts 
of acid to colloid solutions may increase the viscosity. In studying the 
viscosity of the blood, two factors must be considered, the viscosity 
of the plasma and the cell-count. The viscosity is measured by the 
time required for the passage of a given quantity of solution through 
a capillary tube propelled by gravity or at a certain definite pressure. 
If the tube is so small that it is plugged by the blood cells, the time 
required by the flow of the blood is greatly increased. This is the con- 
dition in the capillaries and therefore the effective viscosity of the 
blood in the body cannot be measured except by perfusion through 
capillaries. As usually measured, the viscosity of normal blood is 
about four to six (as compared with H.QO). 

Polarized Light and Rotation of the Plane of Polarized Light.— 
Crystals polarize light and are then called double refractive or aniso- 
tropic. Colloid solutions may disperse light. This is especially 
noticeable in a powerful dark field illumination such as used in the 
ultramicroscope. The light dispersed is polarized and may be changed 
in color. Colloids will polarize light when put under tension (forcibly 
deformed). <A piece of catgut is made anisotropic by stretching and 
if dried in this condition, remains so unless it is allowed to absorb 
the lost water in a relaxed condition. : 

When asymmetric molecules in solution rotate the plane of polarized 
light, the rotation is proportional to the concentration of molecules. 
In this way the concentration of sugar solutions is measured in the 
polarimeter. 

Surface Tension and. Adsorption.—The surface film of a liquid is 
under tension. It is as though the fluid were inclosed in a thin rubber 
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bag composed of the stretched surface film, except that whenever this 
film is forcibly broken, immediately it forms anew over the exposed 
surface. If the fluid is allowed to drop from a pipette the weight of a 
drop is proportional to the surfacetension. A pipette used for measure- 
ment of surface tension has a capillary tube inserted in the out-flow 
to retard the rate of flow and has a carefully ground-off dropping sur- 
face about 5 mm. in diameter. This pipette may be fitted to a 
weighing bottle so that little evaporation occurs before weighing (drop- 
weight method). It is used in testing the meiostagmin reaction 
(Morgan, 1913). Adsorption is the concentration of a dissolved 
substance in the surface layer of a solution and substances which lower 
the surface tension are easily adsorbed. The surface tension of blood 
or serum varies with temperature and is said to be about. 0.89 at room 
temperature. This value should be multiplied by about 72 to reduce 
to dynes per centimeter. Morgan obtained 45.4 dynes em. at 37°, but 
_ this is too low. 

Electric Conductivity—When a salt or acid or base is dissolved in 
water, it disperses into separate molecules and some of these molecules 
split into ions. An ion is a small particle bearing one or more positive 
or negative charges of electricity. The greater the dilution of the 
solution, the greater the proportion of molecules that are ionized. 
Water itself ionizes to a very small extent. The percentage of the 
molecules that are ionized is 0.000,000,2 per cent. This is so small 
as to be practically negligible and the ions in an aqueous solution may 
be said to be only those of dissolved substances. The unionized 
molecules of water or the dissolved substances are electric insulators 
but the ions in their movement in the solution carry the electric charges, 
therefore, the ionization can be measured by determining the electric 
conductivity of the solution. Electric conductivity is the reciprocal 
of the resistance in ohms. The electric conductivity of blood serum is 
about 0.01 reciprocal ohms at 15 degrees and increases about 2 per 
cent. per degree. The corpuscles are electric insulators and lower the 
conductivity of blood; hence, the cell-count may be calculated from the 
electric conductivity (Stewart). 

Diffusion When two unlike solutions-are in contact with the two 
sides of a porous partition or membrane, diffusion takes place through 
the membrane until the two solutions are similar. The molecules that 
pass through the membrane more easily, diffuse more readily than those 
having difficulty in getting through the membrane. Water passes 
through wet animal membranes like pig’s bladder more easily than most 
dissolved substances; hence, the diffusion is chiefly confined to the 
water molecules. It is useful, however, to confine the term diffusion 
to the passage of dissolved substances through the membrane and use 
the word, osmosis, for the passage of water. ; 

Osmotic Pressure and Freezing Point.—Some membranes have 
been found which entirely prohibit the passage of certain dissolved 
substances, such as sugars. Such membranes are composed of colloids 
with a very low water content and are called semipermeable mem- 
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branes and allow water only to pass. If two unlike solutions are 
placed on two sides of such a membrane, Osmosis of water takes place 
from the side in which the water is the most concentrated to the side 
in which it is least concentrated, so as to equalize the solutions. That 
is to say that water passes toward the side in which the dissolved sub- 
stance is most concentrated. The passage of this water may give 
rise to a pressure called osmotic pressure. Thus if the membrane 
containing the more concentrated solution. is made into the form of a 
bag connected with a manometer, the passage of water in the bag will 
cause a pressure which may be measured on the manometer. Since 
osmotic pressures are usually very great, it is difficult to get bags that 
will withstand them but it is found that the osmotic pressure of a solution 
may be calculated from its freezing point. If we subtract its freezing 
point from the freezing point of pure water and multiply this difference 
by twelve, we obtain osmotic pressure in atmospheres at 0°. The 
osmotic pressure rises slightly with temperature. The osmotic 
pressure of blood at body temperature is about eight atmospheres, its 
freezing point being —0.58°C. 


THERMODYNAMICS OR CALORIMETRY 


It follows from the first law of thermodynamics that each quantity 
of energy, whether potential or kinetic, can be measured in a common 
unit by transforming it into heat and measuring the heat. Heat is 
taken as the standard since all other forms of energy may be easily 
transformed into heat whereas practical difficulties arise in the trans- 
formation of heat into other forms of energy (from the second law of 
thermodynamics). Most chemical reactions that take place easily 
liberate energy. If allowed to proceed unguided this energy may be 
entirely transformed into heat. Under certain conditions, however, 
at least part of this energy may be compelled to do work. The maxi- 
mum amount of the energy that can be transformed into work under the 
most favorable conditions is called the ‘‘free energy”’ of the reaction. 
The usual method of measuring the free energy of a chemical reaction 
is the conversion of it into electrical energy, and measurement of the 
electrical energy. This method is used in Physiology in the determi- 
nation of hydrogen ion concentration. The free energy of the follow- 
ing reaction: 

2H+ = He + 2 electrons ‘ 
is converted into electrical energy and measured with the potenti- 
ometer. Knowing the energy derived from the reaction at unit con- 
centration and studying the energy at unknown concentration the 
value of this unknown may be calculated. : 

The unit of heat energy is the calorie. The small or gram calorie 
is the heat required to raise the temperature of 1 gm. of water 1 degree, 
and the large or kilogram Calorie is the heat required to raise a kilo- 


gram of water 1 degree. In Physiology the large Calorie is used 
exclusively. 
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The energy of the human body is derived from the potential 
energy of carbohydrates, fats and proteins. Some of free energy 
appears as work and the remainder of the potential energy liberated 
by the combustion of food is useful in maintaining the temperature of 
the body, just as the exhaust steam of a locomotive is used in warming 
the cars. By transforming the work into heat the total energy may 
be measured as heat. The apparatus for such measurements is called a 
calorimeter. Calorimeters in which a man may live and work for a 
month have been constructed. Calorimeters for the burning of food 
directly are called bomb calorimeters. 

It is found that the heat produced by the burning of 1 gm. of carbo- 
hydrate or fat is the same whether it is burned in the human body or in 
the bomb calorimeter, but the heat produced by the burning of 1 gm. 
of protein is greater in the bomb calorimeter than in the body due to 
the fact that it is incompletely burned in the body. The extent to 
which protein is burned is very variable as the waste products may be 
eliminated as COs and urea or COz and NHs3, etc. In the bomb 
calorimeter the burning of 1 gm. glucose yields 3.74 Calories, 1 
gm. milk sugar 3.95 Calories., 1 gm. starch 4.19 Calories, 1 gm. 
butter fat 9.23 Calories, and 1 gm. casein 5.86 Calorie. In the 
body the burning of 1 gm. protein usually produces less than 4.5 
Calories of heat and 4.1 Calories per gram of ingested protein is 
considered normal. 

Benedict and Talbot have studied the calorimetry of infants 
during the first week. The stored glycogen at birth lasts about 24 
hours or less. Mothers milk during the first week is insufficient for 
maintenance, even though no growth takes place. They suppose that 
acidosis due to lack of carbohydrate is likely to occur unless sufficient 
glucose is fed so that the infant does not use its body fat. The basal 
metabolism is 44 Calories per kg. To this must be added four 
Calories lost in feces and 14 Calories for exercise, making a 
total of 62 Calories per kg. The metabolism of the infant increases 
after birth to about 60 Calories per kg. (Murlin and Hoobler). 
Apparently the metabolism is influenced by heat loss (surface area, 
clothing, humidity and temperature of the air) to a greater extent than 
by weight. According to Lissauer the surface area of newborn = 10.3 


a/ weight? (Surface Law). 
HYDROGEN ION CONCENTRATION 


The concentration of different chemical substances is usually a 
problem of quantitative analysis but when such substances exist only 
in solution and never in a dry state, the methods of physical chemistry 
are necessary for its determination. Since the molecular weight of 
water is 18 and there are 1000 gm. to the liter the molecular con- 
centration of water is 52 gm. molecules to the liter. Practically all of 
this exists in the non-dissociated condition. Only 1 part in 520,000,000 _ 
is dissociated. This dissociation is expressed by the equation H,O = 
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H+ + OH-. Since there are the same number of hydrogen ions (H+) as 
hydroxyl ions (OH-) the concentration of each of these is 1 gm. atom 1n 
10,000,000 liters, or as it usually expressed to 10—" N. From the law 
of mass action, we obtain the following equation: H* X Osee= 10~**. 
That is to say if we increase hydrogen ions, some of them will combine 
with hydroxyl ions and form water and thus reduce the concentration 
of the hydroxyl ions and vice versa so that the product of the con- 
centration of the hydrogen ions multiplied by concentration of 
hydroxyl ions is always equal to 10-“, therefore, if we add an acid 
such as HCl which dissociates into H+ and Cl- we thus increase the 
hydrogen ions and decrease the hydroxyl ions or if we add an alkali 
such as KOH which dissociates into Kt and OH~ we increase the 
concentration of hydroxyl ions and decrease the concentration of 
hydrogen ions. Since the concentration of hydrogen ions In water 
is 10-7 and water is a neutral fluid, any solution is neutral when the 
concentration of hydrogen ions is 10~7 and is acid when the concentra- 
tion of the hydrogen ions is greater, and alkaline when less. Therefore 
in any solution no matter how numerous are the dissolved substances, 
the true acidity or alkalinity is measured by the concentration of 
hydrogen ions (or hydroxyl ions). Since the hydrogen ions are easier 
to measure they are more commonly chosen. The principle involved 
in their determination is the measurement of the free energy in the 
reaction: H, = 2H+ +2 electrons. Since the method and the 
mathematics involved are very complicated, it will not be described 
here. There is, however, an indirect method which when standardized 
by the above method gives workable results, and that is the method of 
indicators (dyes). Indicators are weak acids or bases of decided 
colors. Those which we will use mostly are weak acids and dissociate 
according to the following formula: H color = Ht + color. Now it 
so happens that the combination of the hydrogen ion with the color 
radical changes the color and can be detected with the eye. If we add 
another acid to a color-acid the concentration of hydrogen ions is 
increased. But the color acid can not only dissociate hydrogen ions 
but can also combine with them. The additional hydrogen ions tend 
to combine with free color radicals to form (H color) and in this way a 
change may be detected with the eye. If an alkali is added there is 
an increase in hydroxyl ions and these combine with some of the 
hydrogen ions given off by the color acid and more of the color acid 
dissociates so as to replenish the hydrogen ions and the color of the 
solution is changed. The numerical relations are deduced from the 
Law of Mass Action. It is not necessary to know the formule since all 
that is necessary is to know that a change in the concentration of 
the hydrogen ions changes the color of the solution. The color is also 
changed by certain dissolved substances and hence the method has to 
be standardized each time there is any very great change in these 
dissolved substances. Neutral salts interfere with the indicator 
method to a slight degree but proteins interfere to a very marked 
degree. It is, in fact, impossible to use the indicator method in a 
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solution with as high protein content as blood plasma, if very fine 
results are desired. Indicators have been used, however, for the stom- 
_ ach contents but in this case a comparatively rough measurement is 
sufficient. For all biological work there is liable to be some protein 
present and hence indicators have been selected which are least. 
affected by proteins. 

Since the hydrogen ion concentration is so small, methods have been 
devised of making the writing-down of the quantity easy. For 
instance, the hydrogen ion concentration of water is 0.0000001 N, but 
this is usually expressed as 10-7. Even this shortened expression 
becomes difficult on the typewriter and therefore Sérensen decided to 
drop the 10 and the minus sign and use merely the 7. This number 
is the logarithm of the hydrogen ion concentration with the sign 
changed, in other words, it is the minus logarithm (—log. H+). Since it 
_ is desirable to abbreviate the term minus logarithm, Sérensen, writing 
in German and calling it ‘die Potenz der H+” abbreviated it “pH.” 
In other words, water is pH = 7, in acid solution pH is less than 7, and 
in alkaline solution pH is greater than 7. Since HCl is: nearly com- 
pletely dissociated in dilute solution we can express the hydrogen ions 
concentration thus: 


HCl concentration H* concentration pH 
OSE (approx)e.t an eo ee 0.1 N 1 
OLOL NGS ee: Sit AAO 0.01 N 2 
Oz001IEN =e =e. Serie tea ee 0.001 N 3 
OsQ00 TENS: sae aed ioe 0.0001 N 4 
Boiledidistlledswatersagesacle ue fs ete ul 


and since KOH is nearly completely dissociated in dilute solution, 
0.01 N KOH is pH 12 (approx.). 

Every indicator shows a maximum color change on each side of a 
definite pH which differs for each indicator. In the following table 
some useful indicators are given and the pH at which they change: 


Methyleviolete re ere tes ioc cls 5: yk ean pH 1to3 
Tetrabromphenolsulfonephthalein..................... pH 4 
WMethyi redecrer eee tee ee eetcs ote selec Pek eb Bee pH 5 
Dibromorthocresolsulfonephthalein.............-...-. pH 6 
Phenolsulfoneplthaleiman oe nets he oe: a PSs. ee ae pH 7 
Orthocresolsulfonephthalein........ if Bp sh oe Sage pH 8 
hymolsuiionepathalemmne cise taris ovens sea Geena: pH 9 


In using the indicator method it is convenient to have standard solu- 
tions whose hydrogen ion concentration is not easily changed by the 
alkali of glass vessels or small amounts of CO, leaking in through the 
stopper. Most of the standard solutions that have been proposed 
contain organic substances which are attacked by mould or bacteria. 
It is, however, possible to make a whole set of standard solutions of 
_ phosphates and borates which are very stable. 
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Hydrogen Ion Concentration of the Alimentary Tract.—It is com- 
monly believed that digestion takes place only in distinctly acid or 
alkaline media. That is to say, that salivary and intestinal digestion 
go on only in alkaline media and gastric digestion only in acid media. 
‘This idea must be modified. In the first place there are two functions 
of the particular reaction. First, the effect of reaction on the enzyme 
and on the food to be digested (substrate). For instance, acid is 
necessary to change pepsinogen into pepsin which is distinctly an 
effect on the enzyme. On the other hand, acid in the stomach causes 
swelling and the softening of the proteins to be digested and it is 
claimed by Bradley and others that this swelling increases the rate of 
digestion. It was shown by Sorensen and his followers that a different 
hydrogen ion concentration worked best for the action of pepsin on 
albumin from that which was best for the action of pepsin on gelatin. 
Now since the enzyme was the same in these two cases but the protein ~ 
was different, it seems evident that the effect of the hydrogen ions is on 
the protein and not on the enzyme. In some cases, however, hydrogen 
ions take the place of enzymes, for instance, in the splitting of cane 
sugar into dextrose and levulose in an acid solution. 

In the second place it has been found that although high acidities 
may occur in the stomach, very distinct alkalinities do not occur in the 
alimentary tract. If we titrate the intestinal contents, considerable 
acid is used in the breaking-up of the bicarbonates. In this way the 
COz is displaced by the acid used in titration, but if we measure the 
hydrogen ion concentration of the intestinal contents we find that it is 
very close to neutrality but on the acid side. ; 

The reaction of the contents of infant’s alimentary tract is given in 
the following table: 


Fresh, mili; todo Pasties eretaie: Bee one pH 7.0 
PallV aceasta ns ce 5 ars ye ee cy 6 aie pH 6.9 
GASEIIG UICC Lt Pra aie stabi. tees tytn aye ces hee pi. 273 
Stomach contente ens ooh a eo ee pH 5.3 
Dugdenalcontentsa 23 .o. ng a ee pH 3.1 
Deurveontentsi.e cee. See a. ss ee ee pH 6.3 (Pups) 


This last determination could not be made on an infant and was made 
on pups. The longer the ileum in proportion to body the less the - 
acidity seems to be. The slight acidity of the ileum is partly due to 
CO, (liberated by HCl from pancreatic juice), acid-albuminates and 
amino-acids. Lactic acid may play a part since the hydrogen ion 
concentration of rabbit’s ileum is greater on carrot diet in which sugar 
may form lactic acid, than on oats. 

_ _ Both pepsin and trypsin are found in the duodenal contents of the 
infant and it is possible that both of them aid in the splitting of proteins 
in the intestine. The reaction is sufficiently acid for the action of 
pepsin in the pylorus and duodenum. Perhaps trypsin more easily 
attacks proteins that have been swollen by the acid of the stomach. 
Hydrogen ions cause the splitting of cane and milk sugar. Huenekens 
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found a partial adaptation of the pH of the stomach of children to a 
precocious feeding of meat. _ 

Hydrogen Ion Concentration of the Blood and Other Body Fluids.— 
It was shown by a number of workers that the respiratory center is 
affected by the hydrogen ion concentration of the blood. The question 
whether CO, can be substituted by any other acid can not be settled 
since there are always carbonates in the respiratory center itself 
(even though they are washed out of the blood vessels) and COs is 
liberated from them by other acids. It is true, however, that through 
this action of the respiratory center, the hydrogen ion concentration of 
the blood is maintained so remarkably constant that changes in it are 
more difficult to determine than changes in the osmotic pressure or 
temperature. The pH of the blood is about 7.45 but has been said 
to vary from about 7.4 to about 7.5. It varies slightly in the same 
individual due to changed activity of the respiratory center as, for 
instance, due to the effect of drugs. It also is slightly different in one 
individual from that in another and in one species from that in another, 
but at present these slight differences can only be detected by the most 
careful technic and the differences found in the literature are vitiated 
by technical errors. 

The hydrogen ion concentration of the blood depends on two 
factors. First, the concentration of bicarbonates, and second, the 
partial pressure of CO». The blood is brought into such intimate 
_ contact with the air in the lungs, that the partial pressure of COz in the 

arterial blood is practically the same as that in the alveolar air in the 
lungs, therefore, if we measure the CO, of the alveolar air we have a 
sufficiently accurate estimation of the COz pressure of the blood. The 
infant’s lung is so small that it is difficult to collect the alveolar air by 
Haldane’s method but if the infant is allowed to rebreathe the air in a 
100 c.c. rubber bag, 30 seconds, and the air in this bag analyzed, a good 
index of the COz pressure of the blood is obtained. The bicarbonate of 
the blood'is unequally distributed between corpuscles and plasma and 
the ratio changes with the CO, content. If CO: is introduced into the 
blood, bicarbonates pass from the corpuscles into the plasma but if the 
blood is exposed to air so that CO, escapes, bicarbonates pass from 
the plasma into the corpuscles. It is impossible to titrate the bicarbo- 
nates of undiluted blood or plasma with an indicator, owing to the large 
amount of protein. Van Slyke, Stillman and Cullen dilute the plasma 
12 times with H.O. It is necessary in any method to collect and 
centrifuge the blood without exposure to air and make determinations 
on the oxalated plasma. The bicarbonates in the plasma may be 
titrated using a rotating hydrogen electrode (McClendon, Meysen- 
berg, Engstrand and King) or they may be estimated by the gasometric 
method of Van Slyke or titrated after dilution, McClendon, Cole, 
Engstrand and Middlekauft. The bicarbonate content of the cerebro- | 
spinal fluid is 10 per cent. lower than that of the blood and may be 
titrated with HCl using dibromorthocresolsulfonephthalein as indi- 
cator (McClendon, 1918) and therefore, this method may be used to 
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estimate the bicarbonate content of the blood. The hydrogen ion 
concentration of the blood may be determined from the following 
figure (Fig. 245) if the bicarbonate content and COz pressure are known. 

It has been shown that if for any cause there is a decrease of 
metabolism of carbohydrates, either due to starvation or diabetes, that 
abnormal acids are produced from the metabolism of fats and appear in 
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Fie, 245.—To determine the H+ concentration of blood in the body, first 
determine CO, in alveolar air then titrate bicarbonate in diluted blood plasma. 
Find value for CO, in table, follow horizontal line until it cuts diagonal correspond- 
ing to titration value of bicarbonate. The vertical line at this intersection marks 
the H+ concentration at the bottom, and pH at the top of the chart. 


the blood, thus decomposing the bicarbonates, and are excreted as 
sodium salts. In this way, the sodium of the bicarbonates is depleted. 
Great reduction of bicarbonates in itself is injurious in animal experi- 
ments. It is probably necessary to have sodium for the elimination of 
the abnormal acids. The bicarbonates in the blood act as buffers, thus 
preserving the hydrogen ion concentration. It has been found that 
the hydrogen ion concentration is remarkably constant during life 
even though the bicarbonates are very much depleted. It is con-: 
ceivable, however, that depletion of the bicarbonates in the blood 
will cause a depletion in the whole body and that dangerous changes 
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in hydrogen ion concentration may take place in some of the cells and 
be the real cause of death. 

_ Acidosis is now understood as a depletion of the bicarbonates of 
the blood. It is impracticable if not impossible to determine acidosis 
by measuring hydrogen ion concentration of the blood, as no significant 
change has ever been shown by a reliable method and careful technic. 
Acidosis may be detected either by a determination of the bicarbonates 
of the blood or by determination of the alveolar COs, though the former 
is more reliable, the latter may sometimes be more convenient as a 
sample of blood (or spinal fluid) is not necessary. 

According to Higgins and also Ylppé children are especially liable 
to acidosis and perhaps are always in a state of acidosis when compared 
with adults. Seham has recently found, however, that this statement 
must be made with caution and that technical errors arise from using 
too large a bag for rebreathing air before taking a sample. 

Alkali is excreted, not only by the kidney but by the bowel and 
Howland and Marriott have shown that acidosis occurs in a certain 
form of diarrhea in children. 

Acidosis is also present with starvation and cyclic vomiting, as well 
as in several diseases not confined to childhood. 

It has often been found empirically that alkali therapy is beneficial. 
The study of the pH of the alimentary tract suggests that the alkali 
may be beneficial in the blood but detrimental to digestion. At any 
rate it seems illogical to introduce alkali into the full stomach unless it. 
is desired to open the pylorus in cases of delayed evacuation of the 
stomach. The alkali should be in the form of sodium bicarbonate, 
since Mg and Ca are not readily absorbed and may even be excreted 
by the bowel. Sodium salts of organic acids that are readily oxidized 
may be converted into sodium bicarbonate in the body. 

Hydrogen ion concentration is important in the preservation of 
vitamins in infants’ food (McClendon and Sharp). The acidity of 
tomatoes and fruits protects the antiscorbutic vitamin against heat and 
desiccation used in preservation. 
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CHAPTER VII , 


HYGIENE OF THE HOME 


By Watrer Reeve Ramsey, M. D. 


St. Pau, Mryn. 


Fresh Air. Ventilation — That every home in which people live 
should have a maximum of fresh air, that is, air without ingredients 
which are harmful, goes without saying. 

Moisture of Air—When we say that the air in a house is fresh, we 
mean that the air within the house has the same composition as the 
air without. The composition of the air in any given locality will 
vary somewhat, depending upon the altitude, the character of the soil, 
the foliage, the proximity to bodies of water, the rainfall, the character 
of the industries, etc. The words “Fresh Air” therefore, as commonly 
used, are only relative. 

The atmospheric air is usually described as consisting of a mixture 
of three gases, nitrogen, oxygen and carbon dioxide. The nitrogen 
and oxygen are supposed to maintain fairly definite percentages, the 
carbon dioxide being very variable. To these should be added a 
fourth, water vapor, which, as will later be shown, is most variable 
of all. 

In manufacturing communities, where great volumes of smoke 
consisting of various gases is permitted to escape into the air, naturally 
admixture of these gases will vary much depending upon the wind, the 
barometric pressure and other factors. 

We will assume that a given house is located in an ideal community 
where the air has a minimum of deleterious ingredients. This house is 
located in Northern Minnesota where during three summer months 
the weather is either moderately warm or extremely warm, in the spring 
and fall it is moderately cool, and in the winter for several months it is 
moderately cold and sometimes as low as 20°F. below zero. 

During the warm summer months when the windows can be kept 
open all of the time, the air will maintain a character practically the 
same as the outside air. When, however, the windows and doors are 
kept closed during the cold weather, as they usually are, the matter of 
maintaining the purity of the air within the house is one which has 
given, and is still’ giving all persons interested in Public Health, 
much concern. 

Many forms of ventilators have been devised and with varying 
‘degree of success. 

The great problem has been to admit a constant change of fresh 
air from without and still maintain the temperature of the house. 

859 


860 HYGIENE OF THE HOME 


Concerning these problems there have been some radical changes 
taking place in the minds of many authorities during the past few years. 

It would appear from some recent authorities, and their experiments 
would seem to be conclusive proof of their opinions, that most of our 
ideas regarding ventilation, contamination of air, and humidity have 
been quite erroneous. 

Studying the peoples of Continental Europe at first hand, as I 
have had ample opportunity of doing on several occasions, I have been 
struck by the difference between our theory and their practice. Many 
of those people have never slept in a room since they were born, nor 
before, with the window open, and still one is struck with the large 
numbers of these peoples who live to a ripe old age. Of course one 
cannot regard this as an argument against ventilation, but on the 
other hand, if the situation were as bad as we have been taught to 
believe, and fraught with such great danger, there would not be a sin- 
gle peasant alive today in Continental Europe. ae 

Concerning the present ideas on ventilation and air humidity, I 
shall quote at length from a recent work on the problem of humidity 
indoors, by E. P. Lyon, M. D., professor of physiology in the Medical 
School of the University of Minnesota. 


TABLE I 


PER CENT HumipiTy not ALLOWING FOR EXPANSION 


“The air is usually described as a mixture of three gases. Really 
there are four, nitrogen, oxygen, carbon dioxide and water vapor: 
While all may vary relatively or actually the proportion of water 
vapor varies far more than any of the others. 

When at any given temperature the air contains as much vapor 
as possible the air is saturated. Table 1 shows the weight of 
water in saturated air of various temperatures. Note that at 70°F. 
the capacity of the air for water is sixteen times as great as at O°F. 

and seven times as great as at the freezing point. 
' “Tt is evident that if saturated air at 0 degrees is raised to 70 degrees 
seven and five-tenths grains of water must be added to each cubic 
foot in order to saturate the air under the new temperature. Or look- 


FRESH AIR. VENTILATION 861 


ing at the matter in another way, if air saturated at zero were raised 
to 70 without addition of water, this air would only be 6 per cent. 
saturated. 

“Every intermediate degree between 0 per cent. and 100 per cent. of 
saturation is possible at each temperature. Hence, the idea of relative 
humidity or percentage of saturation. This is the quantity obtained 
by the dew point or by the rate of evaporation test. It is valuable 
for certain considerations, particularly when the temperature does not 
change. But the relative humidity changes with temperature as has 
been indicated. I am therefore tentatively suggesting the term mass 
humidity to indicate the total quantity of water per cubic foot of air. 

“Since the absolute zero Fahrenheit is minus 459 degrees on the 
absolute scale, our climatic fluctuations of temperature would be about 
25 per cent. The atmospheric pressure varies a few per cent. at any 
one point and perhaps 30 per cent. among habitable localities, the 
variation of Ne is negligible and of Oz and CO., even including our 
closed houses, is small. But the water vapor may be hundreds of times 
greater at some time and places than at others. 

“At O°F. it is impossible to have more than one-half grain of water 
vapor per cubic foot of air. The range of vapor content at 0°F. is so 
small that I do not believe we could differentiate between cold effects 
and humidity effects. 

‘At intermediate temperatures, conditions are still different. With 
a temperature of 40°F., there is a marked difference between the effect 
of saturated air and dry air. This is because the saturated air has now 
a considerable quantity of water (Table 1) and this increases markedly 
the rate of loss of heat by conduction from the body surface. This is 
by reason of the high specific heat of water. 

‘At higher temperatures the high rate of loss through conductivity 
does not prevail. On a May or June day around 70°F. and 70 per 
cent. relative humidity we take off some of our clothing and feel fine 
and comfortable. 

“The humidity standards in the hygienic and engineering text books 
are mere guesses and seem to be founded on moderate summer weather. 
Sixty per cent. to 70 per cent. relative humidity is a frequent standard. 
These books were written by people living in more moderate climates 
than Minnesota in winter. 

“My experiments show that in zero weather it is not practical to 
keep a 60 degree humidity in a building without double windows. 
Literally streams of water will condense on the glass and run down to 
the floor. Even with double windows one may get condensation on 
outside walls and ruined wall paper. I have therefore come to the 
conclusion that 40 or 50 per cent. is as high a humidity as can be 
satisfactorily maintained in homes in this State in cold weather. _ If we 
accept this tentative standard, what does it mean as a practical 
problem? 

“Tet us take a small house of say 10,000 cubic feet capacity. From 
Table 1, it appears that each cubic foot of zero degree air will need 
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7.5 grains of water added to it to saturate it when it has been heated 
to 70°F., or about 4 grains to half saturate it. Calculation shows 
that about one gallon of water will be needed for the house of 10,000 
cubic feet capacity and 50 per cent. saturation. This fact is perhaps 
startling to one when he approaches this problem mathematically. 
Practically the problem would be of small significance if you could 
evaporate your one gallon of water into the air of your house and keep 
it there. But you can’t. There is constant leakage and this is sur- 
prisingly large. wen i 

“Experiments which I made three winters ago indicated that the air 
of my well-built and wholly double-windowed house was renewed at 
least ten times a day in quiet weather. In engineering books twenty- 
four changes a day are generally assumed. Wind greatly increases the 
rate of exchange between outside and inside air. _ 

‘Suppose that we say that the air in our 10,000 foot house is renewed 
~ ten to fifteen timesa day. We arrive at the startling fact that 10 to 15 
gallons of water must be evaporated every 24 heurs if we care to 
maintain even the moderate humidity this paper advocates. Of course 
what most people are actually doing is nothing at all, with the result | 
that our houses and offices in winter are often drier than any desert on 
the face of the earth. 

“No quanitative physiological evidence as to the effect of dry air is 
at hand. We certainly live under artificial conditions. I believe they 
are bad. I believe that artificial humidification of dwelling houses, 
offices and other places where relatively few people gather is desirable 
from the standpoint of comfort and perhaps is considerably protective 
from infection and from vasomotor strain. 

“Do the ordinary home appliances meet the need? If you recall 
that 15 gallons of water are needed per day, you will see at once that 
the little dish on the radiator is a delusion. The tea kettle on the 
kitchen stove may do pretty well for that room but has little effect on 
the house as a whole. 

“Thete are a good many devices on the market. Are these effec- 
tive? Let us take up in succession the different types of heating. 

“For hot water radiators (also for steam) I know of the following 
humidifiers, all of which I have tested: 


EVAPoRATION PER LINEAR Foor or Rapraror Occupiep 


‘Speco,’ average of 3 tests, zero weather, grams per 24 hours............ 294 
‘Savo,’ average of 3 tests, zero weather, grams per 24 hours............ 230 
‘Buddington,’ average of 3 tests, zero weather, grams per 24 hours ...... ila ka 
“Flobun,’ average of 2 tests, zero weather, grams per 24 hours.......... 1,248 


“None of the manufacturers of these articles seem to have recognized 
the essential physical principles which are (a) large surface of water 
exposed to the air, (b) rapid renewal of air over the surface of the water. 
The temperature within the limits set by radiator heating is of less 
importance in securing evaporation than either of the factors mentioned 


-FRESH AIR. VENTILATION 863 
above. Depth of water is of no importance, yet several manufacturers 
have made their receptacles as deep as possible. 

“Attacking the problem with the above principles in mind I have 
devised several types which are 10 or more times as effective as any- 
thing on the market. One of these consists of several trays, one above 
the other, and so arranged that warm air rising from behind the radia- 
tor constantly passes between the trays and over the water surface 
therein. Twelve trays gives 10 square feet of water surface per linear 
foot of radiator occupied. One of these apparatuses 30 inches long 
evaporated 3.7 gallons daily in my house last January. 

“Four or five such humidifiers would be sufficient, in our house of 
10,000 cubic feet, to meet our tentative requirement of 40-50 per cent. 
humidity. 

“But the apparatus is subject to two criticisms: (a) it is bulky and 
the ladies don’t think it is pretty; (6) it has to be filled by hand. I put 
three and one-half barrels into that one in my house during January 
last. Of course it would be possible to pipe water and waste to each 
radiator and make the apparatus automatic. 

“I worked a long time with drip systems. They can be made very 
efficient but need a large amount of supervision. 

“Last winter I experimented with wick systems. The troubles with 
those humidifiers on the market which use the wick system are (a) too 
little surface, (b) clogging of wicks by deposits from water. 

“T have been able to greatly enlarge the surface by arranging close 
parallel troughs either across or lengthwise to the radiator. A suffi- 
cient evaporation is possible by this arrangement. 

“So far as the third difficulty—namely, clogging of wicks—is con- 

cerned, I find that it is less if the wicks are never permitted to get dry, 
as they are almost sure to do in any hand-fed system. I also find that 
cheap wick substance such as blotting paper and the heavy absorbent. 
paper used by botanists as plant driers are just as good as the fancy 
wicks found in the apparatus sold in stores. These paper wicks can be 
used for a while and thrown away. 

“Unless a slightly efficient automatic humidifier for hot water sys- 
tems can be worked out along the lines indicated I believe that those 
who have hot water heating will have to fall back on accessory appa- 
ratus such as electric fans to aid evaporation, or special water boilers 
to put vapor into the air. Such apparatus has been patented but 
apparently has not proven a success. It would surely be somewhat 
expensive. Remember you have to face all the time the necessity of 
evaporating one-third to one-half a barrel of water a day for an 
ordinary house. 

“‘So far as steam systems are concerned the problem seems easier. 
There are devices on the market for letting steam out noiselessly into 
the room. I have not tested any of these but if large enough they 
ought to be efficient as moisteners. But engineers state that they are 
dangerous in that they lower the water level in the boiler and that no 

~ safe automatic boiler feed is known. 
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‘‘Another method used in steam systems is to provide steam coils 
to boil water in separate receptacles. This is free from the previous 
criticism and ought to be effective, provided said receptacles furnish ; 
sufficient free surface of water-air contact and also provided automatic 
water supply to the humidifiers is arranged. 

“The older hot air furnaces often had a small water tank at the 
base of the air space. This was totally ineffective. I tested one that 
evaporated less than a quart a day. 

“Later types of furnaces have a tank above the fire box. These 
must be better, but the examples I have seen offer only asmall water-air 
contact and I should want an actual test before endorsement. 

“‘Nevertheless, if I were to put a heating system into a small house 
in Minnesota in the present state of development of hygiene and of 
heating engineering I would choose a hot airfurnace. I would have no 
outside air flue, but rather a cold air return flue from every room to the 
base of the furnace. I would look to this system to secure circulation, 
which we now recognize as a very important hygienic factor. I would 
trust for leakage for renewal. I would have double windows, expecting 
to have even with these ample oxygen for an ordinary family. I would 
supply moisture by a sufficient number of broad shallow pans just 
above the fire pot, the water level in these being automatically main- 
tained by connection with the city water system. _ 

“T would have a good psychrometer (or hygrometer) and see to it 
that the relative humidity was kept above 40 per cent. I would havea 
good thermometer and keep the temperature at 65°F. even if they did 
complain. I should expect good health and comfort dividends on the 
outlay of money and trouble required to get these conditions.” 

From the above it. will be seen that humidity of the air, is under 
ordinary circumstances, very variable. It will also demonstrate that 
in order to have the air changed fairly often in a house it is not neces- 
sary to keep the windows and doors open. It will suffice under ordi- 
nary conditions, except when many persons are in one room at a time, 
that a window be opened a small amount, perhaps at both top and 
bottom, which will insure a rapid change of air. 

For practical purposes in order to secure warmed air, which is 
constantly being renewed from without and with a reasonable humidity 
the hot air furnace has a large superficial receptacle for water which is 
rapidly evaporated and distributed with the air through the house is by 
far the most practical plan. 

Dust.—In certain localities, and during dry windy weather, dust 
is extremely irritating, especially to the delicate mucous membrane of 
children, and particularly if they are suffering from some inflammatory 
process of the respiratory passages. 

It is a difficult matter to prevent dust from entering with the air. 
It may be diminished if the apertures left open for ventilation be 
filled with fine cheese cloth screens, several thicknesses, which are kept 
moist with water. There are devices with which some houses, clubs, 
etc., are provided which filter all the air before it is heated and forced 
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throughout the building. These of course are impractical for the aver- 
age home. It will be found that where the air is contaminated with 
dust an abundance of moisture will greatly lessen this irritating effect 
upon the mucous membrane. 

Location of the Home.—As a matter of general hygiene it is 
important that the home be built on high ground from which the drain- 
age is good. It is particularly important that the walls of the founda- 
tion be so constructed that surface water does not drain into the cellar. 
To this end the ground should slope away from the house. 

Cisterns for the purpose of collecting rain water should be outside 
of the foundation and should be frequently cleaned, and the water 
should never be used for drinking purposes unless first boiled. Cis- 
terns should be carefully sealed to prevent the entrance of rats, mice, 
etc., which frequently are drowned and result in contamination. 

Wells for the supply of water to the home should be dug in a place 
away from any possible contamination from surface water which may 
drain outhouses or the farm yard. 

In localities where there is no city water supply or sewerage system 
there is no more important factor in the prevention of contagious 
disease than a water supply which is insured against contamination by 
discharges from the body. This is particularly true in reference to 
typhoid fever. 

Where there is no sewerage system and privies are necessary they 
should be located outside the house but should be connected by a cov- 

ered passage so that it is possible for all members of the family to visit 
them regularly without undue ‘‘punishment.’’ The privy should be 
located so that the odor is carried away from the house by the pre- 
vailing winds. It should be provided with a zinc lined box so that all 
excreta will be retained therein until carted away, disinfected, and 
buried. This procedure should be carried out at frequent intervals. 

When there is any contagious disease in the house all excreta should 
first be carbolized before it is ejected into the sewer or otherwise. 

Garbage cans should be kept covered as they serve to attract flies 
and nothing should be put in garbage cans or allowed to be accessible to 
flies which may be spread by them and may cause disease. 

During the fly and mosquito season all windows and doors should 
be provided with screens and when flies and mosquitoes gain entrance 
to the house they should be killed at once. 

All stagnant water in the form of pools or rain barrels should be 
eliminated and if this is not possible some crude oil placed on the sur- 
face of the water will destroy the larve. By this means the Panama 
Canal was made possible by the federal health authorities. | 
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HYGIENE OF THE SCHOOL AGE 


By JosEPHINE EK. Youne, M. D. 
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SCHOOL HEALTH ADMINISTRATION 


Before the beginning of the eighteenth century, education was 
limited to the church and to a few men outside the church who by dint 
of unusual intellectual power made their way through a great mass 
of traditional difficulties to an adequate mental development. The 
king and his family set the pace for all classes who had cultural ambi- 
tions. Court pictures of the family of Charles I, and others 
though painted a century earlier, represent very fairly the children of 
the middle seventeen hundreds. Children under the age of 10 are 
portrayed as corseted, long-skirted formal little miniatures of men 
and women. Into these degenerate times when education was limited 
to manners, dancing and rote memory, Rousseau’s ‘‘Emile’’ was 
launched. Rousseau, untrammeled by social tradition, was daring 
enough to originate ideals of training which were founded on health 
and natural expression. This was the beginning of a revolution in . 
education developed later by Pestalozzi and Froebel; Pestalozzi by 
stressing the importance of observation and industrial occupations 
and Froebel by the adaptation of play, imagination and industrial 
occupations to the learning process. The influence of these movements 
upon the health of the developing child has beenincalculable. Present- 
day child study, pedagogy and child hygiene are all based upon it. 

The beginnings of education in the United States were exceedingly 
meager and they varied in different localities with the traditions of 
the community. Virginia’s traditions were aristocratic. Her citizens 
were either the owners of extensive, isolated plantations which made 
private education necessary or they were the more or less indigent 
employees of planters, unable to provide any kind of education for 
their children.* In Massachusetts, on the other hand, there was no 
such distinction of classes. The people lived more closely together and 
each township either organized its own little system, or established 
schools without system so that, in most communities, children were 
under school instruction six months in the year. As compared with 
the best that modern education offers, instruction in the north during 
the colonial and post-revolutionary periods was very inferior, but, 
as compared with modern slums there were some hygienic advantages. ° 
The population lived in small urban and rural communities, children 

* See Fisk, John, ‘Virginia and Her N eighbors.”’ 
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worked in the open air and were made responsible for work, play was 
untrammeled, home supervision was intelligent as a rule, houses were 
exposed to the sunlight and food was simple, sufficient and yet not 
too refined. 

These fundamental factors in good health are so often lacking in the 
twentieth century, both in rural districts and in larger cities toward 
which the population is gradually drifting, that it becomes essential 
to study modern school conditions. They present problems of school 
ventilation, heating, lighting, sanitation, bathing, drinking water, 
nutrition, furniture, books, protection from infectious disease, in- 
vestigation of physical defects and those phases of education that 
have to do directly or indirectly with health, such as the study of 
hygiene, the hygiene of instruction and physical education. 

In 1842-1843 France issued a decree for the inspection of schools 
by physicians.* Sweden made medical inspection mandatory in 
1868. She has perhaps the best national system extant, though 
the city of Brussels is said to have the most thorough and constructive 
city organization. Scotland passed the ‘Blind and Deaf Act” in 
1890, three years before the passage of a similar bill by England and 
Wales. This act necessitated a high degree of medical coéperation and 
was the first movement toward the physical betterment of school 
children in Britain. In 1903 a commission was appointed in England 
and Wales to investigate physical training, the necessity of medical 
inspection and the value of providing food for underfed and impover- 
ished children and in 1907 medical inspection was put into operation.t 
In 1908 Germany organized and appointed a minister of culture who 
controls the departments of religion, education and medicine as related 
to schools.t 

The first law that was passed in the United States relative to school 
medical inspection was in Connecticut in 1899. In 1906 Massachu- 
setts passed a mandatory law which is the basis of most other bills 
passed in state legislatures on this subject.|| 

Forty states are now organized for medical work in schools. 
Medical inspection is mandatory in Massachusetts, New Jersey, 
Rhode Island, Colorado, the District of Columbia, Louisiana, Minne- 
sota, Pennsylvania, Utah, West Virginia, California, Maine, Indiana, 
Vermont, North Dakota, New Hampshire, Washington, Ohio, New 
York, Virginia, ‘Maryland, Wyoming, Delaware, Florida, Georgia 
and North Carolina. 

Half of the cities of the United States have medical inspection, 
and a few of the states have made provision for the medical inspection 
of rural communities. For the most part, however, children in rural 


* Monroe, Cyclopedia of Education. f ; 

+ Medical Inspection of Schools in Great Britain, Bureau of Education Bulletin 
No. 49 (1916). 

t Seeley, ‘‘German School System.” 

|| Revised Laws Relating to Public Instruction, the commonwealth of Massa- 
chusetts, Bulletin of the Board of Education No. 7, whole No. 44 (1915). 
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schools, comprising much more than one-half of the school population, 
have no health supervision except such as the teacher may introduce. 

The rich State of Illinois, which represents an unfortunately con- 
servative attitude in regard to its school children, furnishes illustrative 
material of this sort. Cook County, of which Chicago is the county 
seat, was without organized health work either for the community or 
the schools until 1918, and there are many counties in the state in 
which the County Superintendent of Schools has no assistant of any 
kind, not even a clerical assistant. Some of these men are so hampered 
by lack of funds that they are powerless to circulate educational 
literature that comes to them for distribution. 

Physical defects and ill health cause 15 per cent. of elimination, 16 
per cent. of failuresin promotion, and 17 per cent. of retardation among | 
school children.* They are coupled with an increase of poverty, of 
morbid nervous states in the urban population, and the prevalence of. 
tuberculosis, typhoid, malaria, hook-worm disease, filth, and ignorance 
of hygiene. In the rural population, this condition exists because the 
nation, the state, the community, educators, the medical and nursing 
professions are not, as a whole, cognizant of the true state of affairs. 

The Committee on Health Problems in Education of the National 
Council of Education, and the American Medical Association prepared 
a public health report through its chairman, Dr. Thomas D. Wood, of 
Teacher’s College, New York, which makes the following statement: 
“The rural school children are less healthy and are handicapped by 
more physical defects than the children of the cities including all the 
children of the slums.”’+ Further, 33 per cent. of the citizens present- 
ing themselves for national defense were unfit for service by reason _ 
of serious physical defect. 

In the United States, official health departments have been created 
by the federal government, by states and by local communities. They 
function under three heads: (1) Codérdination; (2) investigation and 
demonstration; (3) police. The constitution makes no direct mention 
of any power over the public health. As the needs of the nation have 
arisen the literal interpretation of the Constitution has been stretched 
to protect public health and safety in relation to commerce. It 
includes, therefore, the power to establish quarantine and to deny 
the right of entry into the country or of transportation from one state 
to another of objects or persons when that entry or that transportation 
may, in the opinion of the competent authorities of the national govern- 
ment, endanger the public safety. Congress may also protect federal 
health by appropriating funds designed for the establishment and 
activity of police health agencies.” t 

* Rapeer, ‘School Health Administration.” 

T (‘Health Essentials for Rural School Children,” T. D. Wood, 525 W. 120th St., 
New York City, ““Program for the Promotion of the Physical Welfare of Children 


and the Prevention of Tuberculosis Among Them.’”’ 8, C, Kingsley, American 
Medical Association, Chicago.) 


q Editorial, The Legal Foundations of Public Health Functions, Jour. A. M. A. 
Ixxiii, No. 14 (Oct. 4, 1919), : 
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Public Health Law.—‘‘An Act Granting Additional Quarantine 
Powers and Imposing Additional Duties upon the Marine Hospital 
* Service,” * empowers the Supervising Surgeon General of the Marine 
Hospital Service to look into quarantine regulations of all State and 
Municipal Boards of Health and to assist in the execution and enforce- 
ment of such regulations. There are also Interstate Quarantine 
Regulations that restrict the removal of a person with communicable 
disease from one state to another in public conveyances, unless removal 
has been granted by state or local health officers at the places of 
departure and arrival, and unless said person is placed in a separate 
compartment and accompanied by a properly qualified nurse or atten- 
dant who has pledged herself: . 

1. To avoid communication outside the patient’s compartment 
so far as is possible with the patient’s safety. 

2. To sterilize all dishes with 5 per cent. carbolic solution, or its 
equivalent. 

3. To collect and destroy by fire or disinfectants all sputum and 
nasal discharges of patient, and to close the compartment when 
patient has left it without the removal of any of its contents.t | Codrdi- 
native control, moreover, goes farther. Each year the Boards of 
Health of the various states meet with the Surgeon General of the 
United States and either just before or immediately after there is a 
conference in or near Washington of “State and Provincial (Canadian) 
Boards of Health of North America” where public health matters 
are discussed and codes formulated. Likewise, The Pure Food and 
Drugs Act of 1906, The Child Labor Act and The Harrison Act 
relating to the sale of narcotic drugs have passed the scrutiny of 
the courts. 

Of all recent national movements designed to better the health 
of school children, the most significant are expressed in the passage of 
two bills, viz., the Fisher Bill, the Smith-Hughes Bill and other bills. 
England and Wales passed the Fisher Bill in 1918. This provides 
exhaustively for the physical betterment of school children and pre- 
school children, and includes not only medical inspection but special 
education for epileptics, the blind, the deaf, the feeble-minded, and 
for medical treatment, for research, for physical training, for holiday 
camps, school baths and swimming pools, nursery schools and classes, 
and allied features more remotely related to health. 

In October, 1918, the sixty-fifth congress of the United States 
passed the Smith-Hughes Bill, which appropriated for the fiscal year 
ending June 30, 1920, and annually thereafter, $100,000,000 for the 
abolition of illiteracy, each state to codperate and provide one dollar 
for each dollar of Federal money for work within its own confines. 
Section 15 reads as follows: ‘‘That in order to codperate with the 
States in the promotion of physical ahd health education and recrea- 
tion, two-tenths of the sum annually appropriated by Section II of 


* U.S. Statutes at Large, xxvi, Chap. 114, p. 944, approved Feb. 15, 1893. 
} “Railway Sanitary Code.’’ Washington Government Printing Office (1920). 
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this Act shall be used for physical education and recreation, the medical 
and dental examination of children of school age, the determination of 
mental and physical defects in such children, the employment of school 
nurses, the establishment and maintenance of school dental clinics, 
and the instruction of the people in the principles of health and 
sanitation. The said sum shall be apportioned to the States in the 
proportions which their respective entire populations bear to the total 
population of the United States, not including outlying possessions, 
according to. the last preceding census of the United States.” 

It will always be necessary to have some codrdinative federal 
jurisdiction of health matters, and centralized investigative and 
demoustrative functions are certainly important.* Whether govern- 
ment control is desirable in the sense represented by the following bill 
is quite another matter. So far all such bills have been defeated 
because, among other objections, they rob local physicians of what 
seem to be their proper function. 

A Bill Establishing a Department of Public Health, July, 1919, 
Senate Bill 2507.  “‘This provides for a department of public health 
under the direction of a secretary, who shall be a member of the 
cabinet, and for three assistant secretaries; the first assistant to be a 
man trained in medical science, public health and sanitation; the 
second to be an expert in vital statistics; and the third to be a woman 
trained in medicine or nursing and public health. The U.S. Public 
Health Service and the Bureau of Chemistry are to be transferred to 
the new department, which is also to have bureaus on vital statistics, 
sanitation, hospitals, child and school hygiene, quarantine, food and 
drugs, nursing, tuberculosis and personnel. The secretary of public 
health is directed to communicate with the governor of each state 
requesting him to recommend to the state legislature suitable legislation 
with adequate appropriations to secure codperation between the 
federal department of public health and the state board of health. 
Every state taking such action is to be entitled to its proportionate 
share of such funds as may be appropriated by Congress for carrying 
out the provisions of the act. The secretary of public health is also 
directed to divide the United States into health states, districts, 
subdivisions and precincts, each conforming to the geographical bound- 
aries of the various political divisions. Each state is to create a state 
board of health with a state health officer and a health officer for each 
district, subdivision and precinct, the secretary of public health to 
appoint these state officers as federal health officers so that in each 
codperating state every health officer of said state or of each district, 
country or precinct therein by virtue of his selection by the local 
authorities becomes also a federalized officer, and as such an integral 
part of the Department of Public Health. The Department of Publie 
Health is directed to codperate with the Departments of Commerce, 
Labor and the Interior in the collection of vital statistics, and to 


* McLaughlin, A. J., The Control of Communicable Diseases, Jour. A. M. A., 
Ixxvii, No. 8 (Aug. 20, 1921), p. 594. 
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establish a uniform system of cards, records and reports regarding 
diseases, disabilities, industrial accidents, births, deaths, physical 
condition of school children, the number and condition of existing hos- 
pitals, etc. The bill provides for the appropriation of $15,000,000 for 
1920 to be prorated among the states in proportion to their population, 
as soon as the states comply with the provisions of the law and the 
regulations of the secretary of public health, provided that each codp- 
erating state must contribute to the public health work a sum equal-to 
that contributed by the federal government, and that it must make 
full and complete reports of births, deaths and morbidity. It also 
appropriates $48,000,000 for the construction of sanitoriums and 
hospitals, this sum to be distributed among the states in proportion to 
their population, each state receiving its allotment to provide an equal 
amount, also location, plans and means of future support of the pro- 
posed hospital.” : 

Public Health Law and Administration, as Related to States.— 
The State Board of Health of many states consists of seven persons, 
one of whom is the Commissioner of Health or Medical Secretary of 
the State Board of Health and the head of the Department of Health. 
This board is appointed by the governor, by and with the consent of 
the Senate. The State Board of Health or Council may establish or 
amend sanitary regulations of the Sanitary Code, which supersede 
all local ordinances of cities, towns, villages or consolidated health 
districts. 

The best organized boards have the following divisions: 


1.* Division of Administration. 
Division of Sanitary Engineering. 
Division of Laboratories and Research. 
. Division of Communicable Diseases. 
Division of Vital Statistics. 
Division of Publicity and Education. 
. Division of Child Hygiene. 
. Division of Public Health Nursing. 
. Division of Tuberculosis. 
The powers and duties of the commission are: 
1. To exercise general supervision over the work of all local health 
authorities except perhaps in the largest cities. 
2. To enforce the public health law and the sanitary code. 
3. To make inquiries in respect to the causes of disease, especially 
epidemics. 
4. To investigate the sources of mortality and the effect of locali- 
ties, employments and other conditions upon the public health. 
5. To collect and preserve facts relating to disease, death and health 
such as may have a future bearing upon the community health and 
safety. 


OND OR OY 9 


* Norr.—It will be observed that all of these divisions have some bearing on 
school health work. 
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6. To issue subpoenas and to compel the attendance and testimony 
of witnesses. y 

7. To reverse or modify orders of local Boards of Health if such 
orders involve the health of adjacent territory not theirs. 

8. To exercise exclusive jurisdiction over all lands acquired by the 
state for sanitary purposes. * 

The State of New York, which may be regarded as a very efficient 
type of organization, is divided into 20 or more sanitary districts, 
over each of which there is appointed a sanitary supervisor who is a 
physician, appointed, directed and aided by the Commissioner of 
Health of the State of New York. 

In many of.the states sanitary districts are limited to counties. 
In some states the board of County Commissioners in counties not under 
township organization and the supervisor, assessor and town clerk 
of every town in counties under township organization constitute a 
board of health who make and enforce rules for promoting the health 
of the community and controlling diseases dangerous to it. They do 
not, however, as a rule control incorporated cities or villages. 

Great cities have their own organization on the same lines, broadly 
speaking, as those of the state, subject to the health laws of the state. 

In New York State, cities of the third and fourth class have a 
board of health consisting of the mayor and six other persons, one of 
whom is a competent physician appointed by the mayor. In times of 
special emergency a secretary may be employed to receive reports sent 
in by local physicians and to forward them to the local quarantine officer 
with a duplicate to the state board of health. 

In villages, the local board of health consists of the board of trustees. 

In towns, it consists of the town board—or city council. The 
city marshall is often included. 

Some smaller towns, villages and road districts find it advantageous 
to consolidate. Such districts are called “consolidated health dis- 
tricts” and the board is composed of the supervisor of each town, 
the president of the board of trustees of each village and the mayor 
of each city included in the district. 

By referendum, the State of Illinois has applied the principle of 
voluntary self taxation by the voters, for the care of dependent tuber- 
culosis patients in the community. It has been recently suggestedt 
that health centers, under the State Department of Health, be estab- 
lished in adaptable units of population, by the same method which 
shall include “health inspection of school children, by local personnel, 
instruction of pupils in personal and general hygiene and the proper 
application of physical training of children, and other like duties.” 
As the plan for such centers is to include laboratories, a hospital and 
public assembly rooms for the health instruction of the adult members 
of the community, it would seem to offer not only “the inquisitorial 

* “Manual of Health.” New York State. 


t Billings, Frank, The Future of Private Medical Practice, Jour. A. M. AS 
Ixxvi, No. 6 (Feb: 5, 1921), p. 349. 
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watchfulness of a higher authoritative body,” but protection of the 
local physician and protection of the public also. 

States and cities of the first and second class embody their health 
laws in the form of Sanitary Codes. Smaller civic units incorporate 
theirs in the Cities and Villiages Act. 

The police power of a community rests on either public-nuisance or 
public-welfare ideas in common law and constitutional law se 1 .eoraLD 
individual may not maintain a public nuisance and a group of indivi- 
duals may act together for the public welfare, t.e., Smallpox. 

When the police power is set in motion inits proper sphere the courts 
have no jurisdiction to stay the arm of the legislative branch of the 
government, for it is operating in its own particular field where even 
the courts are powerless to insist upon a procedure consistent with the 
forms of common law. Some courts have held that the discretion 
and judgment of administrative officers, while very broad, is not 
absolutely and in all cases beyond judicial control, but the tendency is 
away from this doctrine, for, granting the right to question means 
and methods in one case, the questions of fact upon which the adminis- 
trative order is based might be raised in every case, and the object of 
the law, which is to deal summarily to the end that imminent peril 
may be averted, would be wholly overcome.t 

Where a statute gives a discretionary power to an officer to be 
exercised by him upon his own opinion of certain facts, he is made the 
sole and exclusive judge of the existence of those facts, and no other 
tribunal, unless expressly authorized by law to do so, is at liberty to 
re-examine or controvert the sufficiency of the evidence on which he 
acted.t : 

Mortality at School Age.—In 1913 there were approximately 
20,000,000 school children between the ages of 5 and 19 years living 
in the United States, constituting 20 per cent. of the entire population. 
Seventy-five per cent. of them were suffering from some partially or 
completely remediable defect.|| The mortality returns of the United 
States are limited to the registration area, the population of which in 
1911 was 65 per cent. of the total population of the continental United 
States, the remaining 35 per cent. being composed largely of the rural 
population. The total population in 1911 was 93,927,000. From the 
known mortality statistics of the registration it is calculated that there 
were 100,000 deaths of children within the ages of 5 to 19,** of which 

* Recent judicial decisions in regard to the quarantine of communicable dis- 
eases are found reported in Three Washington Decisions 297. From Public 
Health Reports (Oct. 4, 1918), p. 679. These are quoted in Jour. A. M. A., Ixxi, 
No. 22;:(Noy. 30, 1918), p. 1852. 

t A decision by the Supreme Court of the State of Washington, Aug. 27, 1918, 
on the Quarantine of Communicable Diseases. From Public Health Reports 
(Oct. 4, 1918), p. 679. 

t A decision by the United States Supreme Court, ibid. 

|| Allport, Frank, Medical School Inspection, Interstate Medical Journal, 
xx (July, 1913), p. 637. ; 

** Hoffman, Frederick L., Some Vital Statistics of Children of School Age, 
Fourth International Congress on School Hygiene, iv, p. 113. 
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the largest number were preventable. The following table, in which 
only the most important diseases are listed, is significant. 
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‘Tuberculosis: lungs)seseeeseen oe oe 579 S21 6815 2023: | 73940 1453 
Tuberculosis (meningitis)........... 606 3.3 490 1.5 | 1096 Pa dl 
Tuberculosis (acute miliary)........ 106 | 0.6 544 L691y650 ie 
Tuberculosis (other forms)..........| 180 1.0 456 1.4 636 1 
Ey phoiditevietsncec ss sem ae ee or 747 | 4.1 | 2551 7.6 | 3298 | 6.4 
Organic diseases of the heart........ 830 4.6 | 2191 6.5 | 3021 5.9 


It will be seen in Table 1 that the diseases which are primarily 
infectious—diphtheria, measles, cerebrospinal meningitis, lobar pneu- 
monia and typhoid fever—cause 48 per cent. of the deaths and that 
those diseases which are generally regarded as secondary to infectious 
conditions, vzz., appendicitis, nephritis, bronchopneumonia, rheuma- 
tism and heart disease, cause 12.7 per cent., a total of 60.7 per cent., 
All of these are, in most instances, preventable. 

The economic importance of medical inspection has been demon- 
strated by the State of Pennsylvania which estimates that $2,000,000 
has been saved annually since health work has been organized in her 
schools. On the other hand, the short-sightedness and inconsistences 
of some others of our great states are seen in the following figures: 
Minnesota in 1915 voted $4,300,000 aid to her public schools. At 
the same time she estimated that 40,000 adenoid, retarded children 
cost her $1,000,000 per annum. To meet this need, she appropriated 
only $67,000 to her Board of Health to defray the cost not only of all 
the adenoid and other physical defects of school children but also of 
every other item that properly falls under the supervision of Boards 
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of Health.* In 1918—an average year—lIllinois estimated the total 
cost of preventable diseases for her entire population as $155,000,000. 
About one-tenth of this sum was confined within the limits of school 
age, from 5 to 19, years and could obviously have been largely reduced 
by medical inspection. 

This enormous waste of health, life and money can be eliminated, 
but elimination will occur only when medical inspection in schools 
is made universal, compulsory and thorough. Anomalous as it may 
appear, compulsory education now stands in most sections of the 
United States as the producer of compulsory disease, because it 
requires children to be placed continuously where exposure to infec- 
tious diseases is tripled, where over constant, poorly ventilated housing 
produces insufficient oxygenation of tissues with attendant fatigue 
and loss of immunity, where close attention to books produces eye- 
strain, and poor posture and restriction of freedom produces nerve 
strain. This laxness is by no means confined to rural districts. In 
the winter of 1918-19, during the epidemic of influenza, an investiga- 
tion was made of some sectarian schools in Chicago, located in a 
district reporting an extraordinary number of deaths. It was found 
that the school rooms measured 16 by 24 feet, there was no artificial 
heat, the windows were kept closed, and there was dry sweeping. 
The children were packed as close as possible on benches; 140 in one 
room, 104 in another and several other rooms ranging from 66 to 90. 

Medical Inspection.—There are no settled standards of, medical 
inspection in the United States. Hoag suggests three methods of 
handling the school health problem: 

1. Organization with medical officers and nurses or officer and 
nurse. ! 

2. Organization with school nurses or nurse only. 

3. Organization by the employment of a simple non-technical 
health survey on the part of the teachers only (a series of questions 
based upon ordinary observation of physical and mental conditions). 

The functions of medical inspectors may be summarized as follows: 

1. To prevent the spread of contagious diseases by repeated and 
systematic inspection of school children and by exclusion of children 
affected with contagious diseases, followed by isolation. 

2. To discover and cure remediable physical defects. 

3. To investigate the sanitation of school buildings. 

4. To aid in educating teachers, parents and children in school 
and to aid in personal hygiene. 

The Functions of School Nurses.—(1) Superficial inspection of 
children for minor and major infections. 

* Fox, Carroll, Public Health Administration in Minnesota, U. S. Public 
Health Reprint No. 223 from the Public Health Reports. 

{+ Hoag, Organized Health Work in Schools, U. S. Bureau of Education, 
Bulletin No. 44 (1913), pp. 16-24, 41-50. ‘ 

ft Allport, State Legislation Concerning the Examination of Children, Hyes, 
Ears, Noses and Throats, Ophthalmology (July, 1915). Rapeer, ‘‘School Health 
Administration.” 
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2. Treatment of minor contagions and injuries. Teaching parents, 
pupils and teachers in applied practical hygiene. 

3. “Follow up work”’ in the home to see that defects are corrected ; 
visits with children physically defective to dispensaries, hospitals, 
dental clinics, etc. 

4. First aid to the injured.* 

The Functions of Teachers—(1) The early discovery of communi- 
cable diseases. 

2. Examination of eyes, ears, teeth, hair, etc. 

3. The maintenance of healthful schoolroom conditions (tempera- 
ture, cleanliness, fresh air, etc.). 


American School Hygiene Assn., v, pp. 38-40, 68-69. ; 

Royce, B. Franklin, The Teacher’s Function in the Prevention of Communi- 
cable Diseases, with Special Reference to Legal Responsibility, American School 
Hygiene Assn., vi, pp. 91-93. : 

Crampton, C..W., The New York System of School Hygiene, American 
School Hygiene Assn., vi, p. 319. 

Ludlow, J. L., A Practical Method of Promoting School Hygiene in Small 
Cities, Fourth International Congress on School Hygiene, ii, p. 530. 

Howe, W. A., Examination of the Vision, Hearing and Nasal Respiration 
of the School Children by the Teachers of New York State, Fourth International 
Congress on School Hygiene, iv, p. 270. 

Organization for Health Supervision in Schools; Health super- 
vision in schools may be under the control of the (1) Department 
of Health; (2) Department of Education; (8) or jointly under the 
control of the Department of Health and the Department of Edu- 
cation with an executive officer unifying both. At present the sit- 
uation is as follows: Of the 20 largest cities in the United States 
75 per cent. control school matters through the Department of Health. 
In the country at large two-thirds of the school health work is con- 
trolled by Boards of Education.t 

I. Advantages of Control by the Department of Health.—(1) 
Effective control of communicable diseases can only be secured by the 
department of health, because it alone has specific authority, recog- 
nized by the people and supported by the laws of the state, to establish 
and maintain quarantine outside of school grounds, to enforce vaccina- 
tions and to administer antitoxin. 

2. Report of communicable disease goes directly to the Board of 
Health so that no time is lost in establishing quarantine. 

3. Costly duplication of visits to infected houses by both physi- 
cians and nurses is avoided. 

4. The department of health has better machinery for handling 
communicable diseases, viz., laboratories, city files, records of former 
cases of infectious diseases in suspected families, etc. 

, 5. General and local knowledge of community conditions and point 
of view that accompanies it, v7z., that adequate isolation must take 
precedence over school attendance. 

* Kelly, Helen M., “‘A Hand Book for School Nurses.” 
+ Evans, W. A., Personal Communication. 
t Wood, Thomas D., Personal Communication. 
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This is essential if the mortality from school diseases is to be 
reduced. 

A letter from Dr. Herman M. Biggs, certainly one of the greatest 
public health authorities in the United States, is here appended. 

“T feel that School Medical Inspection should be under the health 
authorities because all of the communicable diseases which occur 
in school children come under the health authorities as soon as children 
return to their homes. 

“Tt is often impossible to deal efficiently with an outbreak of con- 
tagious disease when the health authorities are caring for the children 
at home and the school authorities caring for the children when at 
school; we have found that there is constant friction, overlapping and 
inefficiency. 

Further, the funds which are available in most communities for 
health work are limited. 

What is most needed everywhere is a really highly qualified man 

‘in each community who is responsible to that community for the 
health work there. Very few communities can provide two such men; 
if they are able to provide for one and can obtain one they are 
extremely fortunate.” 


Herman M. Bicaas. 


II. Advantages of Control by the Board of Education—‘In all 
communities, the Board of Education has larger funds and the educa- 
tional conscience is developed before the health conscience. The 
teachers also are more directly interested in the children and will as 
a rule codperate better with the Board of Education than with the 
Board of Health.* 

{t is important to unify all health matters pertaining to the child’s 
school life. The constructive significance of phases of school hygiene 
other than that of communicable diseases, viz., teaching of school 
hygiene, physical education, etc., can not be over-estimated and can 
be better controlled by the Department of Education. Further: in 
small communities, contagion cannot be hidden. It is doubtless an 
advantage therefore, if public health and School health can not be 
combined under one head for small communities to center the health 
work of the schools in the Department of Education, while in larger 
communities where the element of communicable diseases is a very 
formidable problem, health matters in the school should be centralized 
in the Department of Health. 

III. A Cooperative Arrangement Between the Department of 
Health and the Department of Education.—All public adminis- 
trators recognize the difficulty of codperation between departments 
whose functions overlap. The more enlightened and practical or- 
ganizations therefore are consolidating allied agencies, based on 
the principle that classification of government should be in accord- 


* Evans, W. A. 
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ance with functioning to be discharged.” To secure the a 
good there must be amity between the different departments. 

This principle has been recognized among the child welfare 
workers in North Carolina, who are organized through the State’ 
Board of Charities and Public Welfare, making the county the unit 
and the Superintendent of Public Welfare responsible for the Juvenile 
Court, the School, the Probation Officers and the School Attendance 
Officers.t 

An attempt has been made in Chicago to make the work of the 
Board of Education and the Department of Health more codperative. 
The plan is as follows: ' 

1. The Health Commissioner shall be a member of the Board of | 
Education by reason of his office, and shall attend the meetings of the 
board in the capacity of an adviser. 

2. The Superintendent of Schools shall be an assistant Commis- 
sioner of Health without salary. He shall attend all councils of the | 
Department of Health in which the health of school children is under 
consideration. 

3. The assistant Bureau Chief in charge of the Division of Child 
Hygiene of the Department of Health shall be an assistant superintend- 
ent of the Board of Education without salary from the Board, the 
title in the Board of Education to be that of the same officer in the 
Department of Health. He shall, as an officer of the City Department 
of Health, have control of the employees under him. : 

As the chief executive School Officer of the Department of Health 
he should have an office with the Department of Health for doctors, 
dentists, nurses, officers in charge of the sanitation of school buildings, © 
and as the chief executive Health Officer of the Department of Education 
he should have an office at administration headquarters of the Depart- 
ment of Education, where he could advise with the physical education 
directors, teachers and truant officers. Except in one particular, 
viz., that the chief in charge of School Hygiene is not directly connected 
with the Department of Health. Cleveland may serve as a model for 
cities of the first and second class, i.e., cities of 50,000 or over. 

The school health officer of this city has charge of the administra- 
tion of communicable diseases in the schools, of medical inspection, 
physical examinations, school dispensaries and dental clinics with hours 
for consultations with parents of sick children or children with physical 
defects. He has charge of school nurses, of physical education in 
connection with which hygiene is taught, of play grounds and summer 
activities, of the psychological clinic, of special classes for the feeble- 
minded, the blind, the deaf, and the crippled, of nutritional clinics and 
school lunches and of the sanitation of: school buildings. He is an 
Assistant Superintendent of schools. A step further would place 

*Newsholm, Sir Arthur, ‘Conference on Child Welfare.”’ Chicago (1919). 
Unpublished. 


} Bulletin of the North Carolina State Board of Charities and Public Welfare, 
Raleigh, N. C.,.ii, No. 1 (Jan., Apr., 1919), p. 5. 
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him on a basis of the highest efficiency, viz., he should be the chief 
bureau officer of Child Hygiene of the Department of Health which 
would give him power to administer the control of communicable 
disease both as a city and as a school official. 


A brilliant outline of organization for state work is in vogue in 
New York state. It includes: 
. Control of communicable diseases in the schools. 
Physical examination. 
Physical education. 
Dental clinics. 
School nursing. 
Teaching of hygiene. 
. Hospitalization (temporary for needy cases only). 


ND UB ON 


One medical inspector has charge of all the schools of a township, 
from 10 to 25. The same type of organization obtains among rural 
school nurses and definite instructions are issued to teachers bearing 
upon the examination of eyes, ears and teeth of school children. Most 
excellent health certificate record forms are issued by the department. 
Admirable and efficient as is this plan in most respects, it is not 
generally considered as wholly practical from the viewpoint of communi- 
cable disease. In this regard the futility of a double system is nowhere 
more apparent than in rural districts and scattered communities. 
Distances to be covered are so great, inclemencies of weather are some- 
times so prohibitive and delays of communication between the officers 
of both organizations so unavoidable that a high grade of efficiency 
cannot be expected. 

The Department of Health should be in close communication with 
the truant officers who should be required to report to it all cases of 
communicable disease, diagnosed, suspected or discovered by them on 
their daily rounds and not already placarded, as well as all violations of 
quarantine. 

A chief medical officer should have been thoroughly trained in 
medicine, especially in public health, and should also have a practical 
working knowledge of dentistry, of nursing, of physical education, 
the ground work of psychology and the problems of the special child, 
_of pedagogy, of nutrition, of the architecture and sanitation of school | 
buildings and some knowledge of industrial problems and of administra- 
tion. Such positions require persons of wide experience, executive 
ability and scholarly attainments. Some of our greater medical 
institutions, notably Johns Hopkins, are providing such opportunities. 

Ernest Bryant Hoag* outlines an efficient method of organization 
for a city of 60,000 school children (300,000 actual population): 

One chief health director. 

One general medical officer. 

One eye, ear, nose and throat specialist. 


* Organized Health Work in Schools, U. 8. Bureau of Education, Bulletin 
No. 44 (1913). 
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One specialist in mental and nervous diseases and experienced in 
psychological methods. : eked , 

One emergency physician also giving instruction in hygiene and 
first aid. . day 

One woman physician in charge of high school girls and giving 
instruction in hygiene. j 

Such a plan would require a central office of several rooms—one 
general reception room, one private office for the director, one examin- 
ing room, and one laboratory equipped with medical and psychological 
apparatus. There should be a medical and dental clinic either in 
connection with the schools or with some other organization. With 
this plan in operation, parents of children with physical and mental 
defects have the opportunity of taking their children to the general 
offices for special examinations. The different specialists keep office 
hours on different days of the week, thus giving careful and deliberate 
attention to such school children as require it. Children needing treat- 
ment are referred to clinics. There should be one school nurse assigned 
to each school physician. The plan proposed presupposes preliminary 
physical examinations on the part of nurses and teachers. 

In school communities of 6,000, to 8,000 the work can be done satis- 
factorily by half time of one physician and two or more well-trained 
nurses. In school communities of 8,000 to 12,000, there are needed 
the entire time of one physician, half time of an assistant and three or 
more nurses. In school communities exceeding 12,000 there should 
be an additional half-time school medical officer for each 6,000 increase 
and one school nurse on full-time for the same number. New York 
State allows one medical inspector to each additional 3,000 and one 
school nurse to each additional 1,500. The assistance of teachers 
becomes necessary in the preliminary examination of eyes, ears, teeth, 
mouth breathing, contagious eye and skin diseases, and teachers can be 
easily trained in these details. Rapeer (“School Health Administra- 
tion’’) advises as the proper annual quota for a nurse 4,000 individual 
inspections, 200 class room inspections, 1,000 home visits, 500 treat- 
ments given by the nurse herself, and 300 patients taken by her to the 
dispensary. Her hours should be from 8.30 a.m. to 4:30 p-m. every 
week day except Saturday when work ends at noon. For further 
information as to the duties of the nurse see W. A. Howe.* Trained 
school nurses may be secured through the Department of Nursing 
and Health, care of Miss M. A. Nutting at Teacher’s College, Miss 
EK. P. Crandall, Executive Secretary of the national organization, 
52 East 34th Street, New York City, Miss Edna L. Foley, Superin- 
tendent of the Visiting Nurses Association, 104 South Michigan’ 
Avenue, Miss F. F. Clement, 713 Union Trust Building, Washington, 
Ds C. (Red Cross Rural Nursing Service), the Boston District Nurses 
Association with the Boston School for Social Workers, and Phipps 


* The System of School Medical Inspection in New York State, American 
School Hygiene Association, Proceedings of the Tenth Congress, vii, p. 194,  ~ 
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Institute of Philadelphia. The Cleveland Visiting Nurse Association 
is in affiliation with the Western Reserve University. * 

The Expense of Medical Officers—In the United States this 
expense is borne by the district, by the school authorities or by the 
state. In first and second class cities 50,000 to 500,000 and upward: 
District (if mandatory). 

In third class cities 30,0000 to 50,000: School authorities. 

In fourth class cities, less than 5,000: State Department of Health. 

The salaries of medical inspectors are as follows: 

Full-time health officer $2,500 to $5,000 or more. 

Part-time health officer $1,200 to $2,000. 

If less than a half day, not less than 50 to 75 cents should be paid for 
each physical examination. ft 

Nurses’ salaries range from $125.00 to $150.00 a month, depending on 
the length of service.t 

The medical office should be at least 15 feet square, with a com- 
fortable waiting room outside, and a smaller examining room adjacent. 
It should be in the basement, or near an entrance on the first floor. 
The room decoration should be in a light color, and it should be kept 
scrupulously clean. The following book gives valuable information: 


Brainard, Annie M., ‘Organization of Public Health Nursing.’’—Macmillan, 
1919. 


* Rapeer, ‘‘School Health Administration.” 
+ Hoag, “Organized Health Work in Schools.” 
t Health Work in the Public Schools, Cleveland Survey. 
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EQUIPMENT 


One desk 
Filing cases 
Examining table, 6 X 2 feet. 
Book case for books and instruments 
Long mirror 
Stethoscope 
Eye charts: Snellen card with reading 
type in graded sizes; Maddox rods 
for heterophoria. 
Ear speculum 
Nasal speculum 
Scales 
Stadiometer 
Spirometer 
Dynamometer 
Tape measures 
Calipers for chest measurements 
Wooden tongue depressors 
Wooden mouthpieces for spirometer 
Microscope 
Centrifuge 
Stains and slides 
Dare hemoglobinometer, or Tallquist 
Blood counting apparatus 
Culture media and throat swabs 
Nitric acid (pure) 
Acetic acid, 2 per cent. 
Haines’ solution 
Litmus paper 
Johnson & Johnson’s emergency cabi- 
net, or: 
Absorbent cotton 
Sterilized gauze (1-yard length) 
Bandages, straight and triangular 
Adhesive tape 
Thin boards or heavy cardboard for 
sprains 
One artery forceps, 4-inch 
Scalpel, small 
Scissors 
Tweezers 
Surgical needles 
Silk or catgut (fine) 
Ordinary needle and thread (coarse) 


Six thermometers, clinical 
One sterilizer (electric) 
One pus basin 
One white enamel basin (8 X 3 inches) 
Hot water bag 
Birmingham douche (nose) 
Medicine dropper 
Toothpicks for applicators 
Tr. iodine (disinfectant for wounds) 
Alcohol 
Carbolic acid 
Lysol 
Boric acid (saturated solution, powder 
or crystals) 
Hydrogen peroxide 
Picric acid (burns) 
Sanitas jelly 
Sterilized vaseline 
Tr. iodine, 1 part 
Glycerine, 9 parts 
Oil of cloves (toothache) 
Glycerine, 95 parts 
Carbolic acid, 5 parts 
Argyrol 20 per cent. 
Glycerine 80 per cent. 
(Fresh solution necessary) 
Adrenalin 1-1,000, P. D. and Co., 
epistaxis. 
Normal salt solution (nose irrigation) 
Strychnine sulphate tablets, gr. léo 
Aromatic spirits of ammonia 
Soda bicarbonate 
Sulphur ointment 10 per cent. or, 
Ammoniated mercurial ointment, 10 
per cent. 
Elix. sod. bromide 
Acetanilid, 
Heroin, 
in pill form 
Sig. One every three 
hours 


| throat application 


earache 


Jeve infections 


Dysmenorrhea 
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1. National Bureaus, Department of the Interior, Bureau of Education: 
bulletins and bibliographies. 
Treasury Department, The Bureau of Public Health Series; 
Surveys of rural health. 
The Department of Labor, The Children’s Bureau; School 
Health Surveys. 
2. National Organizations: 
International Congress of School Hygiene. 
The American Medical Association (Council on Health and 
Public Instruction). 
Health Foundations, endowed by Rockefeller, Sage, Carnegie 
and others. | 
The National Education Association. 
The National Association for the Study and Prevention of 
Tuberculosis, Infant Mortality and the Feeble-Minded. 
Child Health Organization. 
Congress of Sanitary Eugenics. 
National Associations for Conservation of Vision, Sanitary and 
Moral Prophylaxis. 
The National School Hygiene Association. 
The Playground Association of America. 
Committee of One Hundred on aaron Vitality. 
National Consumer’s League. 
The Red Cross. 
3. Local Organizations: 
Christian Associations. 
Settlements. 
Bureaus of Municipal Research: New York. 
Bureau of Educational Exferiments: New York City. 
Chambers of Commerce. 
Child Welfare Organizations. 
Ohio Institute for Public Efficiency: Columbus, Ohio. 
The Elizabeth McCormick Fund: Chicago. 


There should also be codperation with dispensaries and boards of 
education in the purchase of eye glasses, drugs, braces and other appa- 
ratus, * with charity officials and institutions for defective and delinquent 
children, with police and juvenile courts, with departments of physical 
education, domestic science and school sanitation, with officers of 
supply departments 1 in regard to the hygiene of textbooks, with dentists, 
with doctors, parent teachers associations, visiting nurse associations, 
social service organizations, infant welfare societies, tuberculosis 
institutes, and with the General Safety Committee of the Surface Lines.} 

* Correction of Defects Among School Children, American School Hygiene 


Association, vii, p. 150. 
{ Educational Hygiene, Department of the Interior, Bureau of Education, 


i (1915), ch. 17, pp, 411-13. 
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Lectures and exhibits on health are also of the greatest importance and 
can be conducted by Parent Teacher Associations, the Red Cross, 
Child Welfare Organizations, Societies for the Prevention of Tuber- 
culosis, etc. 


For further information, see: : : 
Public Health Administration in Minnesota, Reprint, 223, from the Public Health 
Reports, U. S. Public Health Series and the American School Hygiene Asso- 


ciation, vi, p. 67. , , 
Ayers, L. P., ‘and Ayers, May, Health Work in the Public Schools, Cleveland 


Education Survey. ; 
County Health Work, Jour. A. M. A., lxxi, No. 17, p. 1378. 
American School Hygiene Association, vi, p. 303. 
American School Hygiene Association, v, p. 61. 
Foster, [. A., M. D. and Fulmer, Harriet R. N., Health Survey of White County. 


For hospitalization, see; : 

Baker, J. 8., Bulletin of Health, New York City, Division of Child Hygiene 
Monograph Series, No. 4 (August, 1913), pp. 101-02. 

Allport, Frank, Health Work in Public Schools, Cleveland Education Survey, 
p. 24. State Legislation Concerning the Examination of School Children’s 
Eyes, Ears, Noses and Throats, Ophthalmology (July, 1915). 

Rapeer, ‘School Health Administration.” . 

Howe, W. A., The System of School Medical Inspection in New York Sta 
American School Hygiene Association, vii (1917), p. 176, : 


COMMUNICABLE DISEASES 


The following are regarded as communicable diseases by the 
Department of Health of New York State: Chicken pox, diphtheria, 
epidemic cerebrospinal meningitis, epidemic influenza, epidemic or 
septic sore throat, German measles, measles, mumps, poliomyelitis, 
scarlet fever, smallpox, trachoma, and pertussis. 

Medical inspection in schools was organized primarily to combat 
the spread of infectious diseases,.on account of the intimate and re- 
peated contact of school children, and the greater susceptibility of 
persons of school age, and the unquestionable fact that they carry. 
these diseases into their homes. Laws and regulations have been 
gradually developed which now aim to govern national, state, county, 
municipal, village and rural school units in regard to the control of 
cummunicable diseases. 

The lack of efficiency in carrying out these laws, and the unrelia- 
bility of the figures, may be seen by the following tables: 


TABLE 2 
a a er 
Chicken- Diph- German Scarlet Whooping / 

pox theria measles Measles Mumps fever cough oral 

| 

| 
A 551 128 151 | 934 644) 244 679 | 3,331 
B 65 151 0 80 24 38 8 | 366 


British Medical Journal. 
A, the estimated number of contagious diseases occurring in London, 1915. 
B, the actual number of contagious diseases reported in London, 1915. 
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This inaccuracy is due either to inadequate legislation, to lack of 
funds, or to lack of codperation from physicians who do not report 
their cases. 

Mortality statistics are far more reliable and show an improvement 
in the control of communicable diseases. 

Mortality statistics of school communicable diseases in the United 
States from 1900 to 1913: 


TasLeE 3.—Deratu Rare PER 100,000 PopuLaTion 


1900) 1901/1902/1903/1904| 1905] 1906) 1907] 1908| 1909] 1910)1911|1912/1913 


Diphtheria and croup. .. ./43. 3/34. 0/30. 8/31. 7/28. 3/23. 6/25. 7/23. 6/21. 5/20. 4/21. 4/18. 918. 2/18.8 
Scarlet fever... 565.0% 10. 2)13. 1/12. 6/12. 2/10. 8) 6.7] 7.7|10.0/11.9/11.4/11.6| 8.8] 6.7] 8.7 
Measles... Seet see tes: 12.5! 7.3) 9.5} 9.8)11.0) 7. 5/12. 2/10.0] 9.9] 9.6/12.3/10.0] 7.0/12.8 
Whooping cough........|12.1) 9.7/12.0]15.8) 6. 5/19. 6/15. 1/11. 3/10. 6] 9, 6/11. 4/11.3] 9.3/10.0 


The death rate is not the only serious phase of the problem. 
While it far outweighs all other considerations, interference with 
school attendance is also a public problem of no meanimportance. In 
families where there are several children, it is not uncommon for a child 
to lose two or three months out of the school year on account of sickness 
of this type. This is especially true of city schools. 

The high incidence of communicable diseases in children of school 
age is seen in the following table, which shows at the same time the 
gradual development of public immunity:. 


TasLeE 4.*—SHOWING THE PERCENTAGE OF CHILDREN AT Eacu AGE WHO Have 
ALREADY SUFFERED AN ATTACK OF COMMUNICABLE DISEASE 


Chicken-| Diph- German Scarlet | Whooping 

ae pox theria measles esses: (payne: fever cough Fotal 
Under 1 0.7 0.0 0.0 0.0 0.0 0.0 6.0 62% 
1 8.0 0.0 0.0 4.0 yO 0.0 14.5 27.5 
2 11.2 0.8 dee, 10.4 4.8 0.8 19.9 49.1 
3 18.8 0.8 3.1 22.0 Bow 3.9 25.9 82.6 
4 2204 125 2.0 33.7 bBo 5.1 38.6 112.1 
5 27.3 a 4.4 35.5 9.4 5.3 42.7 128.3 
6 32.6 2.1 6.3 49.7 17d 5.9 55.7 169.6 
z 40.4 2.4 4.7 60.3 23.0 11.5 58.0 200.3 
8 39.8 3.1 8.4 71,2 PE 12.2 59.6 222.0 
9 46.0 5.7 9.9 79.5 38.1 10.0 60.8 250.0 
10 49,2 6.4 9:3 79.3 39.8 15.4 65.3 264.7 
11 49.9 ede 12.9 80.4 50.9 18.2 63.2 283.2 
12 50.8 10.9 12.7 82.9 50.9 21.7 64.0 293.9 
13 51.9 11.6 15.2 85.0 57.1 23.6 64.7 309.1 
14: 57.0 ge Bi 15.3 82.6 . 49.7 26.0 60.6 302.9 
15 52.3 13.9 13.1 84.2 52.5 26.7 60.0 802.7 
16° 53.1 14.7 17:2 82.2 54.4 28.5 61.8 311.9 
17 55.8 13.3 15.0 83.3 53.2 26.2 62.2 309.0 
18 51.2 17.6 12.9 81.8 45.9 24.7 54.7 288.8 
19 58.3 16.7 oO oe 84.0 60.4 30.6 63. 2 333.3 
20 47.4 £730 17.0 82.1 51.3 28.9 51.3 295.0 

| 

1 


* Henderson, E. C., A Census of Contagious Diseases of 8,786 Children, American Journal of 
Public Health, London, Canada. ; 
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The following chart, computed from the U. S. Census Report, 
shows that the opening of schools in the autumn increases diphtheria 
in all children, both of school age and those under school age; me 
dominantly, however, in school children. This is as true of scarlet 


ae h | 
Ae 


Cuart 1.—The broken line shows the number of cases among school children 
five to fourteen years old during 1900-04 in the registration area of the U.S. 

The unbroken line shows the number of cases among children from birth to 
five years of age for the same period and area. From Medical Report of the 
Durand Hospital, G. H. Weaver, March, 1913 to March, 1918. 


fever.* In fact, the major contagious and other less formidable infec- 
tious diseases are so closely correlated with school attendance that 
they are popularly known as ‘‘School Diseases. ”’ 

E. O. Jordan} says: ‘Measles is undoubtedly a school disease. 
In an outbreak of measles in the Elementary School of the Department 
of Education of the University of Chicago, while about one-half of 
the school population was susceptible, 66 per cent. of the susceptibles 
in two grades were attacked, and less than 10 per cent. in the rest of 
the school. The children in the two grades affected had been asso- 
ciated in the rehearsal of a’play, and during this period one child in 
the early stages of measles was attending the sessions in her grade. 
All but one of the primary cases were in these two grades, and 6 of 
the 10 secondary cases occurring in other members of the school were 


* Place, E. H., Relation of Diphtheria-scarlet Fever to School Session, Fourth 
Congress of School Hygiene, iv, p. 521. 


} Fourth Internatl. Congress of School Hyg., iv, p. 555. 
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in families in which a primary case had occurred. Experiences of 
this kind are of common occurrence in the public schools of cities.”’ 

In the rural schools of the United States, in which more than half 
the population receives its school training, conditions as regards infec- 
tious diseases are more favorable. This was well illustrated during 
the recent war, and can be seen in the table below. It represents in a 
measure school, as well as army, conditions. 


TasLe 5.—URBAN AND Rurat Deatu Rates. ANnNuAL RATE PER 100,000—1915 


Scarlet | Diphtheria : Pulmonary 
Measles Pneumonia : 
fever and croup tuberculosis 
‘Cities in registra- 
tion states...... vik 4.0 vico 156 134 
Rural part of regis- 
tration states... . 3.4 Sti 12.9 106 112 


Vaughan and Palmer, Communicable Diseases in the U. 8. Army, Jour. of 
Laboratory and Clinical Medicine, iii (Oct., Sept., 1917-18). 


Other conditions affecting immunity as shown by Dr. 8. J. Baker,* 
are tenement houses, and control in the school of light, air, pencils, 
drinking cups, cloak room and washing facilities. 

Control of Communicable Diseases.—There are two great prin- 
ciples that must be constantly held in mind when considering this 
matter: 

1. Maximum safety. 

2. Minimum loss of school time. 

Isolation is at present the only practical method known that can be 
used to control the spread of infectious diseases. It is impossible to 
lay down fixed rules for isolation. Experience has shown that certain 
time limits and procedures are safe and necessary for ali conditions; 
while, on the other hand, there must be considerable latitude allowed 
for variation in the handling of these diseases in urban communities, 
rural communities, and in epidemics of differing intensity. In serious 
epidemics the Department of Health of most states is at the 
service of local physicians for authority, advice and other assistance. 
Even in urban communities there are different types of schools, vz., 
public, parochial, and private. In public schools of cities with a 
population of 5,000 or more, one medical inspector is responsible for 
about 4,000 children. In private schools, and in towns with a popula- 
tion of less than 5,000, one medical inspector is responsible for 1,000 
children or less. In parochial schools no provision is made, unless the 
Department of Health of the city assumes it. Rural schools are so 
isolated that it is necessary that teachers be made responsible for the 
early detection of communicable diseases. 


* Control of Communicable Diseases in School, Am. Jour. of Public Health. 
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Rules Governing Communicable Diseases.—Susceptible children 
and teachers exposed at home are excluded during the entire incubation 
period, counting from date of last exposure. 

Susceptibles exposed at school are allowed to attend as before, but 
the room or grade is placed under room quarantine. 

If it is possible, as soon as a case occurs, the parents of children 
exposed should be informed at once as to the facts of infection and dates 
of danger, and asked to decide whether or not their children shall risk 
further danger of infection by attending school during this period. 
In large public school systems it is not possible to send this information, 
but parents in such systems should be given to understand that this 
policy has been adopted by the Department of Health, and children 
should be instructed to inform their parents when their rooms are in 
quarantine. This gives the parents a sense of assurance that proper 
protection is being provided. Procedures of such mildness may seem 
questionable, but it has been shown that in all light epidemics of scarlet 
fever, diphtheria, whooping cough, etc., children over six years of age 
may be allowed to remain in school with safety, if they are carefully 
watched, or properly cultured, and promptly excluded when necessary. 
This is not true of kindergarten children.* 

Suspicious susceptibles among public school children of large 
cities are reported at once to the medical inspector, who sees the child 
and then investigates the home, assuming at once the entire responsi- 
bility. In New York City children absent more than three days for 
any unassigned cause are visited by the school doctor in their homes. 
This is called ‘Absentee doctoring,” and is a prophylactic measure of 
great value. This is done in selected cases by the Department of 
Health of Chicago. 

In rural schools the teacher alone is in a position to connect the 
health officer with suspects or sick children. Rural districts are now 
very generally provided with telephones, so that the situation can 
receive prompt attention. 

If epidemics are highly virulent, of if there is cross infection causing 
great mortality, it may in rare instances be necessary to quarantine 
schools. If so, to be of value, susceptible children must also be quar- 
antined at home. The latter can only be done effectively in small 
communities under the direct sanction of the Department of Health 
either of the state or of the community. Such isolation is impossible 
in great cities, and in almost all cases is unnecessary and undesirable. 
With medical inspectors, nurses, and intelligent teachers it is usually 
possible by alertness and close inspection, in the early stages of 
measles, scarlet fever, German measles and mumps, to discover their 
onset before harmful contact occurs. This is much-more possible in 
school than out of it. It is for this reason that school quarantine is 
rarely justifiable. 

*Schmitt, Emil A., “New Regulations for the Control of Infectious Diseases 


in Some of the Private Schools of New York City.” Fourth International Con- 
gress of School Hygiene, vol. iv., p. 648. 


COMMUNICABLE DISEASES 


895 


TaBLe 6.—TuE FouLowiInG Is A SmvpLte Tasie FurNIsHing Data or Incupa- 


TION, Symproms, Leneru or QUARANTINE, Etc. 


Sh === eee a eS 


Signs and symptoms* 


Length 
of 
eruptive 
stage, 

ays 


Termination 


Chicken pox..... 


Measles......... 


German measles.. 


Incubation 
period, 
School 
attendance 
Safe | Unsafe 
period, | period, 
days days 
1-10 |} 11-21 
0 1-10 
1-4 5-18 
1-8 9-21 
1-13 | 14-23 


‘Sometimes begins with feverish- 


ness, but is usually very mild 
and without sign of fever, Rash 
appears on second day as small 
pimples, which in about a day 
become filled with clear fluid. 
This fluid then becomes matter, 
and then the spot dries up and 
the crust falls off. . 

May have successive crops of rash 
until tenth day. 

Onset insidious, may be rapid or 
gradual. Typically sore-throat, 
great weakness and swelling of 
lymph nodes in the neck, about 
the angle of the jaw. The back 
of the throat, tonsils, or palate 
may show patches like pieces of 
grayish-white kid. The most 
pronounced symptoms are great 
debility and lassitude, and there 
may be little else noticeable. 
There may be hardly any symp- 
toms at all.’”’ 

Leucocytosis 6,000—40,000. * 

“ Begins like cold in the head, with 
feverishness, running nose, in- 
flamed and watery eyes, and 
sneezing; small crescentic groups 
of mulberry-tinted spots appear 
about the third day; rash first 
seen on forehead and face. The 
rash varies with heat; may al- 
most disappear if the air is 
cold, and come out again with 
warmth.”’ 

No leucocytosis or leucopenia.t+ 

“Tiiness usually slight. Onset 
sudden, Lymph nodes back 
of ears enlarged. Rash often 


first thing noticed; no cold in|. 


head. Usually feverishness and 
sore throat, and the eyes may 
be inflamed. Rash something 
between measles and_ scarlet 
fever; variable,’’ 

No leucocytosis or leucopenia. 

“Onset may be sudden, beginning 
with sickness and fever, and 
pain about the angle of the jaw. 
The glands become swollen and 
tender, and the jaws stiff, and 
the saliva sticky, 


* Cabot, “Clinical Examination of the Blood.” y 
7 Hamburger, Miinch. Medicinischer Wochenshrift, ix (1913), pp. 1203 and 2120, 


i 


4-7 


7-10 


When crusts are 
shed (usually 10 
—14 days) 


Until recovery 
and two cultures 
from nose and 
throat. with no 
diph. bacilli 


14 days maximum 


10-14 days 


Until swelling has 
subsided; 14 days 
maximum 
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days days 


TaBLE 6.—\Continued 


Signs and symptoms* 
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Length 
of 


eruptive 
stage, 
days 


Termination 


Scarlet fever..... 0 1-8 


Smallpox........ 1-20 


Sore throat, 
acute septic. 


Whooping cough. 4-14 


The onset is usually sudden, with 
headache, languor, feverishness, 
sore throat, and often vomiting. 
Usually within twenty-four 
hours the rash appears and is 
finely spotted, evenly diffused, 
and bright red. The rash is 
seen first on the neck and upper 
part of chest, and lasts three to 
ten days, when it fades and the 
skin peels in scales, flakes, or 
even large pieces. ‘The tongue 
becomes whitish, with bright 
red spots. The eyes are not 
watery or congested.” 

Leucocytosis marked. 

“The illness is usually well marked 
and the onset rather sudden 
with feverishness, severe back- 
ache, and sickness. About third 
day a red rash of shot-like 
pimples, felt below the skin, 
and seen first about the face 
and wrists; spots develop two 
days later, then form little 
blisters, and after two days more 
become yellowish and _ filled 
with matter. Scabs then form 
which fall off about the four- 
teenth day.” 

Leucocytosis.f 

“Begins with sore throat and 
weakness. Throat diffusely 
reddened and may show patches 
like diphtheria. 

Begins like cold in the head, with 
bronchitis and_ sore throat, 
and a cough which is worse at 
night. Symptoms may at first 
be very mild. Characteristic 
“whooping’’ cough develops in 
about a fortnight, and the spasm 
of coughing often ends with 
vomiting.” 

Leucocytosis. Absolute and rela- 
tive lymphocytosis. 


3-10 


Five weeks, cessa- 
tion of  dis- 
charges,/ and 
complete des- 
quamation 


Till all crusts dis- 
appear 


Five weeks from 
date of first 
whoop 


* Taken from Rules of the New York State Department of Health for Isolation and Exclusion 


from School. Herman §, Biggs. 


Dasincostom of the pas pale Be performed Srerhy echeemi es of all infectious diseases, 
uring the unsafe period of incubation susceptibles exposed i hool i - 
ance but there should be daily room inspection, a 4 adie allre fae ce pie 


Cabot, 


“Clinical Examination of Blood.” 
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Hektoen, L., (1) Summary “The Bacteriology of Measles,’ Jour. of the Amer. 
Med. Assn., lxxi (Oct. 12, 1918), pp. 1201-1205; (2) “Experimental Measles,” A 
Review from the John McCormick Institute for Infectious Diseases; (3) 
“Prophylactic Measures to be Observed in Measles,’ Jour. of the Amer. Med. 

' Assn., Ixxi, No. 8, p. 659. 

Violle, H., “The Influenza Epidemic,’’ Presse Medicale. Abstract from Jour. A. 
M. A., Ixxi, No. 23 (Dee. 7, 1918), p. 1945. 

Weaver, G. H., Medical Report of Durand Hospital, Chicago, p. 5. 


Room Quarantine.—Pupils under room quarantine should be 
required to come to school a little late, to go directly to their rooms, 
and should not be allowed to mingle with other children at assembly, 
at recess time, or at the lunch hour. They should be sent home earlier 
than the rest of the school. Room quarantine in the case of rural 
schools involves, as a rule, the entire school. It is usually advisable, 
whatever the type of school, to exclude susceptibles sitting within five 
feet of the patient, and his intimate neighborhood, and school friends. 

Method of Infection.—This is in all cases through discharges of 
the nose and throat, and occurs in the early stages of the disease. 
If scales or crusts exist, infection may occur through them. Distant 
aerial infection may occur in measles, chicken pox, smallpox, and scarlet 
fever. 

Haven Emerson,* recognizing the tendency of parents to conceal 
cases of contagion in their families on account of a desire to keep their 
susceptible children in school, advocates an earlier reinstatement. 
He quotes the experiments of Anderson and Goldbergerf with measles 
in monkeys. They found that measles could be transmitted at least 
24 hours before the appearance of the rash, and that they could not be 
transmitted later than 24 hours after the appearance of the rash. 
The earlier experimentst of Ludvig Hektoen in 1905 have additional 
weight because they were made upon the human subject. Dr. 
Hektoen found that the period of infectivity in man was during the 
first 30 hours after the appearance of the rash. On this ground, New 
York City now terminates the case five days after the appearance of 
the rash, and errs on the side of safety in excluding all children 
with catarrhal symptoms, especially during epidemics. As cor- 
rect diagnoses occur in 80 per cent. of exclusions for suspected 
communicable diseases, the Department of Health believes that the 
loss of school time suffered by the 20 per cent. is warrantable. The 
handling of scarlet fever also has been modified. Instead of 42 days, 
the quarantine period has been established as 30 days, even if the child 
is still desquamating. Discharges from the nose, throat, or ears, 
however, are regarded as an indication which requires isolation. So 
also Emerson would re-admit children to school two weeks after the 
appearance of the first whoop in pertussis. 


* The Basis of a Reasonable Quarantine of School Children, American School 


iene Association, vi, p. 207. : 
elon Advances in Our Knowledge of Measles, American Journal of Diseases 


of Children, vol. iv (1912), p. 20. é 
{ Experimental Measles, Jour. of Infectious Diseases. 
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In all schools the following procedure instituted at the beginning 
of the year will be found helpful: As parents enter their children in 
school, the pupil’s personal history in regard to communicable diseases 
should be accurately recorded on separate sheets kept for the purpose, 
or on the physical examination cards. From this data a communicable 
disease chart of each room may be plotted, one copy retained in the 
office, and another sent to the corresponding teacher. 


CHart 2.—ComMMUNICABLE DisEAsE Room CHART 


Fs) 
8 2 | 3 
rr n is ° ~ o 
Grade 6-B B/ 2] 3 » |. |B] tas 
. qd oe oO Rn mn ; “a fo) 3S Gy s 
Miss Webster, teacher | 9 | 4 | ¢/|2/ 4/2/81] | 8 $12 
> | a : a = 8 3 | a = 
3) i =a A Sc lls 
ie) f? 
Ayres, Charles.......... a 3s 1912 
Adams, Adelaide........ x Tibia, | Deel Sopdet see Oe 
Ames; Louise:goattsaiuiee x x x va |p weer) een tO05: 
Babb,;. George s.iyet? sya eee ieeiolehe dp deiilics ah See kek aieeeooe 
Davis, Eugenia.......... 6.) OE re | Marl ew Ne Ae Pe cir a Werte (ey lb cos fe Oy 
Davis; William > 025. che hasaaleees ak oX A ae tc. Nite Se Seine mae 


Such a chart makes it possible to see at a glance the group status 
of any disease in question. 

Where telephonic communication is available between the school 
and the parents and the problem not too large to handle, each teacher 
_ should send, every morning before 10 o’clock, a written list of the 
names of her absent pupils to the medical office. In private, and third 
and fourth class town schools, with telephone service, the cause of 
absence can be obtained from the parents within an hour. In rural 
districts it would require a very few minutes. 

If the case proves to be communicable, and the school affords 
an office secretary, the following items should be ascertained as soon 
as possible from the parents and the school: (1) Disease; (2) Name of 
pupil; (3) Address; (4) Telephone; (5) Grade ; (6) Teacher; (7) Pupil 
teachers (if there are such); (8) Close school associates; (9) Other 
children in the family; (10) Children of the family in school; (11) By 
whom exposed; (12) When exposed ; (18) Last attendance; (14) Date 
of onset; (15) Symptoms; (16) Date of rash ; (17) Dates of supervision 
of grade exposed; (18) Other grades involved; (19) Susceptibles 
excluded; (20) Cultures; (21) Physician; (22) Health officer; (23) 
Milkman; (24) Room fumigation; (25) Quarantine; (a) family, (6) 
school; (26) Termination notice, Department of Health; (27) Return 
to school ; (a) satisfactory, (b) unsatisfactory; (28) Final return. 

With this knowledge, either in part or as a whole, the school is 
equipped with information which will aid in protecting the pupils 
and the community, 


COMMUNICABLE DISEASES 899 


Exclusions followed up. As soon as a child is excluded from school 
on account of a contagious disease, the case is reported to the Depart- 
ment of Health, and is followed up within 24 hours by a community 
health officer, who makes the final diagnosis, and quarantines if neces- 
sary. The Department of Health in return sends a card of notifica- 
tion to the school, stating the date at which the child may be 
re-admitted. , 

Room Inspection.—Room inspection should occur daily during 
the dangerous part of the incubation period only. This is 11 days 
after known exposure in chieken pox, nine days in German measles, 
five days in measles, 14 days in mumps, four days in whooping cough, 
beginning at once in scarlet fever and diphtheria. 

Inspection thus occurs from the tenth to the twenty-first day in 
chicken pox, from the first to the tenth day in diphtheria, from the 
fifth to the eighteenth day in measles, from the first to the eighth day 
in scarlet fever, from the ninth to the twenty-first in German measles, 
from the fourteenth to the twenty-third day in mumps, and from the 
fourth day in pertussis. 

Note.—Without exception these periods have proven reliable in the author’s 
experience in over four years of careful watching. 

Inspection consists of an examination of the throat with individual 
wooden tongue depressors, and inspection of the face, neck and hands, 
and body if necessary. Exposure of the body is legally permissible 
in examination for contagious diseases, but care should be taken, of 
course that the child is protected from the observation of other chil- 
dren. Cervical and parotid glands are palpated. Temperature is 
only taken in suspicious cases. 

The significance of temperature in children returning to school 
after absence, or those who are under daily inspection, may here be 
considered. Dr. I. A. Abt’s* study shows that even with the stability 
of the heat center in adults there may be a rise in temperature 
directly proportioned to the violence of exercise. “The Psychic 
Factor as an Element in Temperature Disturbance” is also well 
brought out in an article so entitled by F. B. Wynn.t Dr. Abt in 
discussing an increase of temperature in apparently normal children 
further emphasizes the fact that neurotic children, those convalescing 
from acute infection and tonsillar hypertrophy, older, delicate children 
undergoing athletic training or hurried dressing, and children who are 
poorly nourished or anemic may present variations of temperature 
above normal. Carious teeth and osteoclasia, obscure inflammation 
of the middle ear or tonsils, may give rise to it. Leucocytosis, though 
of mild degree, may be a signpost of importance and assist in deter- 
mining the significance of small degrees of temperature.t 

* Temperature Variations in Infancy and Early Childhood, Ill. Med. Jour., 
xxxvi, No. 11 (July, 1919). 

t Jour. A. M. A., Ixxiii, No. 1 (July 5, 1919). . 

ft Copeland, E. P., Fever of Obscure Causation in Infancy and Early Child- 
hood, Jour. A. M. A., lxvii, No. 19 (Nov. 4, 1916), p. 1346. 
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In re-admitting children who have been absent from school a rise 
of temperature should be considered as perhaps indicating the onset of 
infectious disease; without other indications it may be disregarded 
usually, unless there is either a history or clinical evidence of trouble. 
Certainly many children who have run to school, or are excited on 
their return after absence, show a rise of from one-half to two degrees 
of temperature without any other indication of disturbance. 

In the author’s experience at the School of Education, Chicago, 
it proved to, be wiser to retain children for an hour or less in the office 
if upon return to school they were found to have a rise of temperature. 
The temperature became normal in the majority of cases within an 
hour after the hurry and excitement of readmission had passed. 


CARRIERS 


A carrier is an individual who harbors communicable bacteria 
without presenting symptoms. 

Ludvig Hektoen* explains the carrier phenomenon as follows: 
“Since the discovery of the microbe carrier the adaptation of microbes 
to the defensive mechanisms of the animal body acquires new interest. 
Under the conception that phagocytosis and bacteriolysis form the 
basis of healing and immunity in many infectious diseases, the infecting 
microbes should disappear at the time of recovery; this is probably 
the general rule, but there are many exceptions, illustrated by the now 
familiar ‘bacillus carrier.’? The body may overcome the disease but 
not the cause, which may persist in spite of the increase in antibodies; 
the disease subsides, the disturbances are smoothed away, and yet 
the germ lives on in the host, apparently harmless and unharmed, 
sometimes for remarkably long periods. But the equilibrium is not 
always a stable one; the immunity of the host may give way and recur- 
rence develop; or the resistance of the germ may weaken and eventually 
complete destruction, and final elimination take place. Germs isolated 
from typhoid and cholera carriers have been found in some cases to 
offer special resistance to antibodies, including opsonins, but the 
mechanisms of this mutual immunization of microbe and host are 
still obscure.” 

Hektoen further explains the phenomenon of the carrier by two 
facts: first, that surviving microbes continue their existence in body 
cavities which are difficult to reach either internally or by local appli- 
cation. For example: typhoid fever carriers usually owe their persis- 
tence to the fact that these microbes are harbored in the cavity of the 
gall-bladder. As they do not penetrate the cells of the mucous mem- 
brane or any other tissues, they are practically without the body; at 
least they are not in a position to be attacked by drugs or serums. 
Second, in some instances, bacteria that have set up defensive reactions 
in the form of antibodies, themselves in time develop an immunity 
against these antibodies; for instance: some strains of typhoid bacilli 


* Musser and Kelly, “Practical Treatment,” i. 
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are non-agglutinable early in the disease, but afterward when they 
have been taken from the body they become agglutinable. - 

Carriers may be classified as follows:* 

1. Primary or contact carriers. (A) transient; (B) chronic. 

2. Secondary or convalescent carriers. 

3. Contacts of contact carriers. 

A primary carrier is one who has never had clinical manifestations of 
the disease in question. If transient, the bacteria have only a tem= 
porary hold; if chronic, cultures may be obtained indefinitely. . The 
streptococcus hemolyticus is found in more than 50 per cent. of normal 
throats; the pneumococcus in 25 per cent.; the meningococcus in 1 
to 13 per cent. with an average of 3 per cent. and the Klebs-Léffler 
in 1.4 per cent.t Some germs are found intermittently; in this type 
there may be a series of negative cultures followed by a positive culture. 
The primary carrier greatly out-numbers any other type. 

The secondary carrier is one who, having recovered from clinical 
manifestations of the disease continues to harbor the germs that 
have produced it. Probably a great many cases which are apparently 
contact carriers are in reality convalescent carriers whose symptoms 
have been too slight for recognition. 

Carrier foci may be found either in the respiratory or the alimentary 
tracts. In the respiratory tract are found streptococcus hemolyticus 
producing septic sore throat und streptococcus pneumonia, the pneu- 
mococcus, the Klebs-Lé6ffler bacillus, bacteria causing influenza, the 
organism causing poliomyelitis, that producing epidemic encephalitis 
and the meningococcus. In the alimentary tract are found the typhoid 
bacillus and the organisms of dysentery. 

The Klebs-Léffler bacillus is found most frequently in the tonsils, 
less frequently in the nose alone, and least frequently in both the tonsils 
and nose. The streptococcus hemolyticus and the pneumococcus 
are also found most commonly in the tonsils. The meningococcus 
and the bacteria of poliomyelitis find their habitat in the nasopharynx. 
Recent investigations point to occluded accessory sinuses as being 
important foci of meningococcus carriers; adenoids, deformity and 
thickening of the nasal septum and ethmoidal cells are also predis- 
posing factors.t A recent report of Dr. Simon Flexner|] points to the 
occurrence of several types of meningococci differing in virulence. He 
regards the number of bacilli harbored and their virulence as deter- 
mining factors in deciding the degree of menace to their host, and says 
that when cases of meningitis are infrequent, healthy carriers tend to 
harbor not the highly parasitic but the less pathogenic varieties. Once 
cases betome frequent, however, the number of healthy carriers of the 

* Keefer, Friedberg and Aronson, A Study of Diphtheria Carriers in a Military 
Camp, Jour. A. M. A., Ixxi, No. 15 (Oct. 12, 1918). 

+ Simmons and Taylor, Bacterial Carriers in the Upper Respiratory Tract, 


Jour. A. M. A., lxxii, No. 26 (June 28, 1919). 
{ Clemenson, F. J., Naso-pharyngeal Conditions in Meningococcus Carriers, 


British Med. Jour. (July 20, 1918), p. 51. ; 
|| Control of Meningitis, Jour. A. M. A., Ixxi, No. 8 (Aug. 24, 1918). 
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parasitic or dangerous kind rises. This is true of the majority of 
infections that are capable of becoming pandemic. 

‘‘Poliomyelitis and pandemic influenza are examples of the poten- 
tiality of the carrier. Both of these diseases spread with the rapidity 
of local transportation facilities, both are for the greater part of the 
time endemic and in a quiescent state and perpetuated only because 
there are carriers. The early cases of most epidemics are mild and 
unnoticed, increasing in virulence as they are transferred from person 
to person. It is necessary, therefore, not only to isolate the known 
cases, but to discover the unknown. If we recall the assertion that 
there are 10 carriers to every patient, and that carriers beget carriers, 
it must be manifest that some uniform legislation regarding the latter 
is highly essential, if substantial prophylactic progress is to be made.” 
Dr. Simon Flexner* cites the remarkable disappearance of. Yellow 
Fever as an instance of what may be done in stamping out communi- 
cable diseases under government auspices, and suggests that the en- 
. demic focus of poliomyelitis in northwestern Europe and the endemic 
home of influenza between Russia and Turkestan may be eradicated 
by attacking them also at their source, thus insuring universal protec- 
tion from these overwhelmingly disastrous diseases. 

| Streptococcus Carriers.—It has long been known that the strep- 
tococcus viridans occurs universally on the surface of the tonsils. 
More recent investigations show that both normal and diseased tonsils 
present the streptococcus hemolyticus in the erypts, and that no other 
part of the body harbors them so constantly. Moreover it is very 
evident that their location as centers of distribution is unrivalled. 
As these organisms do not apparently differ from the strains that cause 
such serious infections as the pneumonias, etc., the importance of the 
tonsils and the importance of the parasitic varieties of the streptococcus 
as carriers can not be over-emphasized. 

Pilott found that in a ‘“‘series of 24 persons with apparently normal 
throats, cultures from the throat and pharynx yielded hemolytic 
streptococci in 58 per cent. In 19 persons without tonsils, cultures 
similarly made gave positive results in 15 per cent., and in these persons 
were found either bad teeth or tonsil remnants.”” He also examined 
100 hypertrophied tonsils which had been extirpated, and found the 
streptococcus hemolyticus on the surface in 61 per cent. In the same 
throats from which these tonsils were removed, cultures taken just 
before extirpation yielded 43 per cent. positives. Crypt cultures 
yielded 97 per cent. positives, and in almost all, the hemolytic variety 
was greatly predominant. Nichols and Bryan|| made a careful study 
of tonsils that were removed from army recruits, and found that of 


ee EHR ab p and Recent Epidemics, Jour. A. M. A., Ixxiii, No. 13 (Sept. 
’ . ‘ 

} Rose: Wickliffe. ‘Epidemic Control in Europe and the League of Na- 
tions.” Review of Reviews. July, 1922. 

f Davis, D. J., The Tonsil in Relation to Infectious Processes, Jour, A. M. A. 
Ixxiv, No. 5 (Jan. 31, 1920), p. 317. 

|| Nichols, H. J. and Bryan, J. H. The Tonsils as Foci of Infection in Strepto- 
coccus Hemolyticus Carriers, Jour. A. M. A., lxxi, No. 22 (Nov. 16, 1918), p. 1813. 
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100 excised tonsils, 75 harbored the streptococcushemolyticus. Their 
studies showed that no case of a carrier occurred among men who had 
had their tonsils properly removed. <A very recent study by Van 
Dyke* shows that even in a series of tonsillectomized throats 16.4 
per cent. presented markedly hemolytic streptococci and 29 per cent. 
a less markedly hemolytic streptococcus, resembling Brown’s alpha 
prime type. Other studiest have shown that there is a nasal type of 
streptococcus infection that is prolific in producing secondary cases. 
It should be emphasized further that acute infectious diseases, espe- 
cially measles and influenza, open the way for the activity of strepto- 
cocci and increase their virulence, “reaching a point ultimately at 
which the small doses contained in infected droplets are sufficient 
to transmit the disease toa normal person. Thus asecondary invader 
with potentiality as a carrier may become transformed into a dangerous 
primary infective agent.’’t 

Simon|| quotes a study made at Fort Sam Houston in army measles 
wards, in which patients entering showed 11.4 per cent. streptococci. 
After three to five days the number increased to 38.6 per cent. after 
8 to 16 days 56.8 per cent. To ascertain whether men who came to the 
hospital already infected with hemolytic streptococci had acquired 
these in camp or before, throat swabs were taken in 489 recruits, 
both rural and urban, as they stepped from the train. 14.8 per 
cent. showed hemolytic organisms. 

The lesson to be learned from these facts is that a great majority 
of people in crowded quarters, as in the army or in schools, become 
infected through a relatively small percentage of supposedly healthy 
carriers. Of the infected in turn a certain number become ill, while 
still others join the ranks as new carriers. It is evident that hemolytic 
streptococci are constantly found in the crypts of all tonsils, both 
normal and diseased, and in a surprising number of thoroughly tonsil- 
lectomized throats, and must, therefore, exist in a latent state, except 
in sporadic cases and in epidemics of colds, sore throats, measles, 
influenza, etc., when they become virulent. Nichols and Bryan** 
made an unsuccessful effort to eliminate streptococcus carriers by the 
use of dichloramin-T, Dobell’s solution and hot alcohol, as an applica- 
tion to the throat. They also tried 25 per cent. silver nitrate; this 
was more effective, but in some of these cases the crypt cultures were 
still positive after negative throat cultures. In order to test the dis- 
infecting power of silver nitrate, several excised streptococcus tonsils 
were submerged in 25 per cent. silver nitrate for five minutes. They 
were then washed in salt solution and incised, and cultures were made 
from the crypts. All these cultures were positive. In cases with a few 


*Van Dyke, H. B., Hemolytic Streptococci in the Normal Throat after 
Tonsillectomy, Jour. A. M. A., lxxiv, No. 7 (Feb. 14, 1920), p. 448. 

+ Lewis, D. MS, Streptococcal Infection Simulating Diphtheria, Boston Medical 
and Surgical Journal, clxxiv, No. 23 (June 8, 1916), p. 837. 

ft Davis, D. J. 

|| ‘Human Infection Carriers.” 
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open crypts the silver nitrate may be effective, but in most tonsils it 
is impossible to sterilize the crypts by these means. They therefore 
urge the removal of tonsils that persistently harbor the streptococcus 
some weeks after the attack. 

Pneumonia Carriers.—Dochez and Gillespie, and more recently 
Spooner, * found that Pneumococci I and II are never found in normal 
mouths. They are always truly parasitic. In the absence of contact 
with pneumonia cases, they are sometimes found in crypts, in nooks, 
and about other lymphatic structures of the throat, and they probably 
occur in the sinuses of diseased teeth. Hence, they may be found in 
the nasal secretion and sputum of such persons when they have ordi- 
nary colds. They are not infrequently present in the mouths of person 
who have been in contact with pneumonia patients, and are often found 
to persist for some time during and after convalescence. There can be 
no question that the diseased or convalescent carrier is far more of a 
menace than the contact carrier. 

Type III occurs in a large percentage of healthy persons who 
have not been in contact with corresponding active cases—and it 
has the highest death rate. Type IV is found in from 50 to 80 per 
cent. of normal mouths, so that there may be some hesitation in calling 
harborers of this type ‘‘ carriers.” 

Stillman found carriers of the various types of the pneumococcus | 
distributed among 942 normals as follows: 


TABLE 7 
No. of cases Percentage 
9 EY MA eI WP ee a a AN 34 7.0 
BU VING CMa hn kh Wes Cem ees CR ge 22 4.5 
EVDO Li seta Seen eee See. ee 1 0.2 
A YDG Libri. lett Moe ee ee eee 26 5.3 
EY POTLAT Pre: eos oe ee ee eee Oe 47 9.7 
Dy pei TEL, oe A ee aa el OAL hag oy & 85 (ED 
Type. TVG SG: Se, QO ee Ont toad 271 55.8 
| 


I, II, and III produce 80 per cent. of all the pnéumonias ; type IV 
produces 20 per cent. 


A good mouth wash and gargle for pneumonia carriers is the 
following: 


R. Ethyl hydrocuprein hydrochloride or quinine bisulphate 0.005 
LiQuor thy Obs toot cept eke co ee er 5.0 
Aqua distillate. 7. jedi Selenk toe. ce eee aa 50.0 


* Spooner, Lesley H., Acute Respiratory Carri : 
(Feb. 28, 1920), p. 582. p ry ers, Jour. A. M. A, lxxiv, No. 9, 
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The liquor thymolis used in this prescription has the following 
composition: 


LP RS OT a a ek gr. 64 
EG ee Ee gr. 128 
cLinymol..- BASS cose se Oks Colds eee 
MISSIN AO on ie eee Mie i Shenae neem CR aa gr. 16 


A similar solution may be made up in undiluted Dobell’s Solution to 
use as a spray for the nose and throat. It may also be incorporated in 
a dental cream and used for cleansing the teeth. (Human Infection 
Carriers. Simon.)* 

If the sinuses are involved or the pneumococcus persists in the tonsil- 
lar crypts, tonsillar enucleation should be considered, and every effort 
made to cure the sinus condition. 

Diphtheria Carriers——Numerous studies have been made of the 
persistence of infection following diphtheria. Tjadent examined 
1338 cases repeatedly till the bacilli were gone. His report is as 
follows: 


TABLE 8 


In 897 cases ( 67.0 per cent.) the organisms were gone after 2 weeks. 
In 1004 cases ( 75.0 per cent.) the organisms were gone after 3 weeks. 
In 1109 cases ( 83.6 per cent.) the organisms were gone after 4 weeks. 
In 1192 cases ( 89.1 per cent.) the organisms were gone after 5 weeks. 
In 1248 cases ( 93.4 per cent.) the organisms were gone after 6 weeks. 
In 1297 cases ( 96.9 per cent.) the organisms were gone after 7 weeks. 
In 1303 cases ( 97.4 per cent.) the organisms were gone after 8 weeks. 
In 1329 cases ( 99.3 per cent.) the organisms were gone after 9 weeks. 
In 1331 cases ( 99.5 per cent.) the organisms were gone after 10 weeks. 
In 1336 cases ( 99.9 per cent.) the organisms were gone after 11 weeks. 
In 1337 cases ( 99.95 per cent.) the organisms were gone after 14 weeks. 
In 1338 cases (100.0 per cent.) the organisms were gone after 17 weeks. 


Park estimates that virulent bacilli are present in probably 1 
per cent. of all healthy throats in New York City. Paul Sommerfeldt 
found bacilli in eight children out of 368 or 2.1 per cent. in a general 
hospital in Berlin. Graham Smith|| has tabulated the results of many 
observers on the infection of healthy contacts with diphtheria bacilli. 
His statistics show that of close contacts, z.e., members of infected 


* Levy, R. L., and Alexander, H. L., Results of the Separation of Carriers from 
Non-carriers at a Base Hospital, Jour. A. M. A., lxx (1918), p. 1827. 

t Deutsch Arch. f. Klin. Med., lxxxix (1906), p. 292. 

t Zur Epidemiologic d. Diphtherie, Arch. f. Kinderheilk, xlvii (1911). 

|| “The Bacteriology of Diphtheria” (1908), p. 186. 
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families, relatives and attendants, 36.6 per cent. are liable; and among 
scholars of infected schools 8.7 per cent.. In the general population 
Goldberger, Williams and Hachtel* found that 0.928 per cent. harbored 
bacilli that were morphologically diphtheritic. Diphtheria bacilli _ 
from patients with diphtheria, and from carriers who have been in 

contact with such patients, are practically always virulent. The 

bacilli in such cases usually remain virulent up to the time of disappear- 

ance, even though a long time has elapsed.t 

Diagnosis.—The material should be obtained from the tonsillar 
crypts, and from both the anterior and posterior aspects of the nose, 
and cultures should be taken from every case of middle ear disease. 
That it is important to culture the nose is shown in an army investi- 
gation of diphtheria: 700 cultures were made from the nose and throat, 
26 per cent. of which gave positive returns from the nose and 31.7 
per cent. from the throat. The efficiency of the tonsil as a harbor of 
chronic infection is determined by its condition rather than by its 
size. ‘The degree to which the tonsil is covered, the extent of surface 
exposed, lobulation, and the presence of folds or crevices, all have a 
definite influence by interfering with the evacuation of crypts.”” The 
Schick test is usually negative in diphtheria carriers. 

Quarantine of Diphtheria Carriers.—Persons known to be diphtheria 
carriers should be placed in quarantine and isolated. Children of the 
family who yield negative cultures, and do not come in contact with 
the carrier in any way, need not be excluded from the schools. Contacts 
should be quarantined for one week unless immunity has been proven 
by a negative Schick test or complete immunity has been secured by 
toxin-antitoxin three months previous to exposure or cultures obtained 
from throat and nose are negative. 

Treatment.—As local applications are generally inefficient, and the 
use of antitoxin is absolutely without effect, it is important to remove 
infected tonsils as soon as the condition as carriers is recognized. 
This can be done as early as the end of the third week after the begin- 
ning of diphtheria. It is also necessary to remove pathological condi- 
tions of the nose, nasopharnyx and sinuses. If removal can not be 
secured, the following methods of treatment are reported as of value: . 
Chloramin-T., 0. 25 per cent. aqueous solution used as a gargle three or 
four times daily, followed by an oily spray of dichloramin-T of 2 per 
cent. strength,{ or the following method reported by M. Esther 
Harding, British Medical Journal Jan. 5, 1918. ‘“‘Sterilization of 
the Throat after Diphtheria and in Carrier Cases.’’. The child 


Ra 101, Hygiene Laboratory, Washington, D. C., p. 29 

Weaver G. H., The Virulence of Diphtheria Patients and Diphtheri i 

Journal of Infect. Diseases, xx (Feb., 1917), p. 129. ee ee ae 
t McCord, Friedlander and Walker, Diphtheria and Diphtheri i i 

Army Camps, Jour. Am. Med. Assn., Ixxi (1918), p. 275. eplepee ser t 


CARRIERS 007 


wrapped in a sheet is laid across the bed with the head in the operator’s 
lap. This prevents an excess of the solution running down the throat, 
thus avoiding spasm of the glottis; 30 to 40 minims of silver nitrate 
solution 12.5 to 25 per cent. is applied with long sinus forceps and absor- | 
bent cotton. Of cases with positive cultures, 70 per cent. were 
rendered sterile with the first application, and 20 per cent. by a second 
painting with a 25 per cent. solution; the remaining 10 per cent. required 
several other applications. 

Influenza Carriers.—Carriers of Bacillus Influenze are both 
active and passive. Tubercular patients occasionally are found who 
have had influenza and have harbored the bacillus of Pfeiffer for years. 
It frequently is found during investigations of whooping cough, diph- 
theria, measles, scarlet fever, and chronic bronchitis.* Schiller., Rf 
states that 24 per cent. of healthy individuals harbor B. influenze™ 
in the nasopharynx. 

The habitat of this organism is the pharyngeal tonsil. Carriers in 
ordinary years seem to be innocuous. This may be due to immunity 
acquired during previous epidemics, or to the loss of virulence by 
continued animal passage.{ R 

The viability of B. influenze is slight outside the human body, if 
it is dry. In presence of moisture, however, organisms are infectious 
for two weeks. 

For culture methods see Simon—‘Human Infection Carriers,” 
p. 207. 

Management of Carriers —lInstruct the public, wear masks, isolate 
promptly. 

Poliomyelitis Carriers.—The infectious virus found in the secre- 
tions of poliomyelitis resists drying. It has even been known to persist 
for two years after an attack. It has been shown also|| that the well 
members of a patient’s family may carry the virus, paralysis having 
been produced in monkeys by inoculation with nasopharyngeal 
secretion from such persons. Abortive cases are doubtless responsible 
for from 25 to 50 per cent. of the entire incidence.** While the number 
of carriers far outdistances the number of sick patients, it is nevertheless 
unusual for a carrier state to be developed. ‘‘The fact that even 
after a severe and wide spread epidemic, such as occurred in the 
United States in 1916, the disease may virtually disappear within two 
or three years, points to the probability that enduring carriers 


* Editorial, Jour. A. M. A., Ixxi, No. 14 (Oct. 5, 1918), p. 1138. : 

+ Ueber d. Verbreitung d. Influenza bacillen eine epidemio logische Studie, 
Centralblatt f. Bakt. Abth I, i (1909), Die Gruppe d. hemoglobinophilen Bakterien, 
Handbuch d. pathogenen Micro-organismen von Kolle u. Wassermann, idem, - 
v, 2 ed., p. 1257. 

{ Simon, “Human Infection Carriers,” p. 206. ‘ ( fn a 

|| Taylor; E., and, Amoss, H. L., Carriage of the Virus of Poliomyelitis with 
Subsequent Development of the Infection, Jour. Exp. Med., xxvi (1917), p. 745. 

** Taylor arid Amoss., ibid., and Flexner, S., Clark, P. F. and Fraser, F. R., 
Passive Human Carriage of the Virus of Poliomyelitis, Jour. A. M. A., lx (1918), 


p. 201. 
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of the active virus, whether healthy or chronic, are of exceptional 
occurrence.’’* 

There must be quarantine, preferably hospitalization for all 
 earriers. If hospitalization can not be obtained, the patient must be 
strictly isolated with a nurse; if isolation is not possible, there shall 
be rigid quarantine of the family. The duration of quarantine is at 
least three weeks. The removal of tonsils will facilitate recovery from 
the carrier state. 

Meningococcus Carriers.—Only a very small per cent. of persons 
who have had meningitis harbor the organism long enough to be 
classed as carriers. The meningococcus disappears from the naso- 
pharynx and the tonsillar ring of patients, usually within three weeks 
after the onset of the disease. On the other hand, at least 50 per cent. 
of the immediate contacts serve as hosts for the organism, and it is 
through such contacts, and their contacts, that the disease is spread. 
The following table shows the findings obtained by Flach in 185 
carriers.t 


. TABLE 9 
pi ~ ie TT eS ee ee a eee 
Contact Per cent. pe Per cent. 
carriers | carriers 
Under 2:weeks...:...-. 20 16.20 12 19.67 
De WEEKS a wane a aris 45 36.29 32 52.46 
A=3G WEEKS! har some sae 26 20.97 5 8.19 
6- 8 weeks... 0... 14 11.29 2 3.28 
8-10 weeks........... 4 SIP 7 11.48 
10-12 weeks........... 5 4.03 
Over 12 weeks.......... 10 8.07 3 4.92 
100.00 | 99.99 


It appears, therefore, that the duration of the disease on the whole 
does not differ between contact and non-contact carriers. The dura- 
tion of the carrier state depends somewhat upon the extent of distri- 
bution of the meningococcus in the upper respiratory tract. The 
degree of danger to others depends upon the number of organisms, 
the amount and severity of coughing and sneezing, the intimacy of 
contact dependent upon the size of the rooms and ventilation and upon 
the susceptibility of people with whom the patient is associated. 
Children, young adults, and people from the rural districts are in particu- 
lar danger. ‘‘As the number of carriers produced exceeds the number 


* Flexner and Amoss, Persistence of the Virus of Poliomyelitis in the Naso- 
pharynx, Jour. of Exp. Medicine, xxix (1919). : 

} Flach, M., and Gordon, M. H., “Bacteriological Studies in the Pathology and 
Preventive Control of Cerebrospinal Fever Among the British Forces, 1915 and 
1916,” Published by the Medical Research Committee, London, Special Report 
Series (1917), No. 3. 
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of cases of infection arising 10 to 20 times, we may infer that individual 
susceptibility to epidemic meningitis is low.’’* 

An excellent form of treatment for meningitis carriers is outlined 
by Dunham and Dakin,t 


R. Clear the nose with salt solution, or 0.25 per cent. aqueous 

chloramin-T solution, either by spraying or irrigation. The 

nose should be blown into a handkerchief between applications, 

and the chloramin-T solution should also be used thoroughly asa 

gargle. 
After the increased flow of nasal secretion has subsided, the oil solu- 
tion of dichloramin T is applied with an oil atomizer. The oil spray . 
should be applied every four hours in the day time. There may be 
considerable sneezing at first, but this soon subsides. 

In the United States there are different methods of handling the 
carrier situation in meningitis, varying with the efficiency of the 
organization of the States. Missouri, for instance, has no statutory 
authority in the case of communicable diseases, while New York is 
ably organized.t The law in New York State] does not regard three 
consecutive negative cultures taken at three-day intervals as insuring 
permanent freedom of a carrier from the meningococcus. At least 
five successive cultures should be required, and the carrier cultured at 
intervals after release. Carriers are excluded from all public 
assemblies. ** 

If it is necessary to make a bacteriological investigation of the 
carrier situation, swab first the close associates of the case, extending 
and widening the circle according to circumstances if more cases 
arise.tT 

Carriers of the Alimentary Tract. Typhoid Fever Carriers.— 
Following an attack of typhoid fever, the bacillus of Eberth may per- 
sist and multiply in the gall-bladder, the urinary bladder, or an abscess 
which has access to the intestinal or the genito-urinary tract. 

The Widal test is available as an aid in the discovery of typhoid 
carriers. Widal tests giving a positive result indicate the presence of 
typhoid infection. If the presence of typhoid fever is indicated, the 
stools and urine should be examined until five successive examinations 
at intervals of three days have -negative results. In doubtful cases 
it is well to administer three to five grains of inspissated ox bile daily 
for several days, followed by a mild laxative. This should immediately 
precede the collection of the fecal sample. The urine should be 


* Flexner, S., “‘ Mode of Infection, Means of Prevention, and Specific Treatment 
of Epidemic Meningitis,’ The Rockefeller Institute for Medical Research (1917). 

+ British Medical Journal, i (1917), p. 682. . 

t The Carrier Problem in Meningitis, Editorial, Jour. A. M. A., lxxiii, No.9 - 
(Aug. 30, 1919). 

|| “Public Health Manual,”’ New York State, Dept. of Health (Feb. 1, 1919). 

** Robey, William H., and Saylor, Howard L., Clinical and Epidemiological 
Studies on Epidemic Meningitis, Jour. Infect. Dis., xxiii (Oct., 1918), p. 317. 

+t Flexner, S., in Discussion of An Experimental Study of Parotitis, Martha 
Wollstein, Jour, A. M. A., Ixxi, No. 8, p. 644. 
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examined at the same time, even though it be clear. All those engaged 
in the lunch-room service, or otherwise engaged in handling food, should 
be subject to Widal tests and to an examination of the excreta. There 
are probably 25,000 typhoid carriers living in New York City. In 
some districts passive carriers of paratyphoid are so common that it 
is exceptional to meet individuals who are not carriers.* It is very 
difficult, therefore, to cope with the problem efficiently. Important 
steps are the following: 

1. The registration of every carrier; 

2. Information of change of residence; 

3. Prophylactic vaccination of all those thrown in contact with the 
carrier; 

4, Administration of hexamethylene tetramin (urotropin) in large 
doses (75 gm. per diem with 10 to 30 grains of benzoic acid to maintain 
the urine in an acid state in those cases where the urinary bladder is 
involved). In very obstinate cases it may be desirable to perform a 
cholecystectomy. 

If a carrier is allowed to live in an unsewered district the excreta 
should be sterilized, and the use of a fly-proof sanitary privy should be 
installed. The contents of the privy vault must be disinfected with 
lime or other disinfectant at stated intervals under the direction of the 
local health officer. There should be frequent thorough scrubbing of 
the interior of the privy, the carrier should scrub his hands thoroughly 
after defecation and micturition, and before handling table dishes, 
food, etc. His bed and personal linen should also be disinfected.t 

Dysentery Carriers.—Dysentery is a filth disease caused usually by 
two pathological organisms: The bacillus dysenteriw# of Shiga and the | 
entameba histolytica. The lamblia intestinalis and other types of 
dysentery bacilli are associated with dysentery, but are not pathogenic. 
These organisms are found in great numbers at the beginning of the 
disease, especially where there is poverty, disorder and uncleanliness. 
In such cases all the members of a family have it and become carriers 
throughout the neighborhood or in the school. There are very few 
passive carriers. Once having had the disease, recurrences are fre- 
quent. W. Kruse,t found a case in which the Shiga Kruse organism 
was present eight months after the attack. Flies also distribute 
the disease, especially where the sewage is inadequate.|| Under such 
conditions as these the patient should be sent to a hospital. 

Dysentery is: by no means restricted to hot climates. A. H. 
Sanford,** found that of 1135 patients infected with the ameba 


* Simon, ‘Human Infection Carriers.”’ 

} Senftner, H. F., A Typhoid Carrier Problem, Jour. A. M. A., lxviii (June 
23, 1917), p. 1873. 

{ Die Verbreitung der Rhur durch sogenannte Dauer-Ausscheider und 
Bacillentriger, Klin. Jahrb, xix (1908), p. 529. 
wey Hurst, A. F., Dysentery, Guy’s Hospital Gazette, xxxi (June 30, 1917), p. 

** The Geographic Distribution of Amebiasis, Jour. A. M. A., lxvii, No. 26 

(Dec. 29, 1916), p. 1293. 
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histolytica, the pathogenic organism of dysentery, 535 were from the 
North and 600 from the South. It is said that sporadic cases occur 
in New England and exist sometimes for 20 years. 

The typical symptoms of dysentery in carriers are diarrhea and 
tenesmus with the passage of blood and mucug.* Sometimes, how- 
ever, carriers do not have diarrheal symptoms. Sanford found that 
41 per cent. have constant diarrhea, 33 per cent. intermittent diarrhea 
often alternating with periods of constipation, and that 26 per cent. 
have had no bowel trouble at all, except constipation. Usually there 
are no ulcerations in patients from the North, and frequently there is 
no fever.’ These facts indicate the difficulty of placing the source of 
infection when an epidemic occurs. 

For a diagnosis of the organism see “Method for the Isolation and 
Rapid Identification of Dysenteric Bacilli,’”’ Klighe & Olitsky, Jour. 
A. M. A., Ixxi, No. 26 (Dec. 28, 1919), p. 2126. 

Management of Dysentery Carriers.—As long as mucus appears in 
the stools following an attack of dysentery the case should be regarded 
asa carrier. Carriers should not handle food, they should use separate 
utensils for eating and drinking, which should be sterilized after being 
used, and their excreta, personal and bed linen should be sterilized. 
The privy should be screened. While actual quarantine is seldom 
necessary, the health department should be notified. 


MEDICAL INSPECTION 


Preceding the opening of schools following the summer vacation 
it is customary for departments controlling school health to hold 
preliminary meeting for instruction of medical inspectors and stand- 
ardization of the work. This work includes: 

1. A preliminary determination of summer exposures to communi- 
cable diseases, especially in epidemics of poliomyelitis. 

2. Preliminary room medical inspection of pupils. 

3. Daily school visits of medical inspector, nurse, school hygienist, 
dentist, or nutrition worker. 

4, Physical examinations. 

5. Follow-up work. 

6. Treatment. 

7. Social work. 

8. Education of pupils and parents in hygiene. 

In case of a generalized severe type of infection, such as infantile 
paralysis, certificates from health officers in localities where the pupils 
have spent the summer, and also from their local physicians in the 
city, are required. These are sent to the medical office of the school 
some days in advance, and checked up with lists of pupils by rooms 
‘or grades. Lists of names of children in the grade who have not met 
this requirement fully are then sent to the teacher of the room or grade, 

* Kennedy and Rosewarm, Observations upon Dysentery Carriers, British 
Medical Journal, ii (Dec. 23, 1916), p. 864. 
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1-15, No gym. for one year 
on account of operation. 
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who sends to the office such children as they arrive. These children 
are excluded until the required certificates are presented. . 

At present, routine inspection is made of all school children during 
the first four days of each term. As the medical officer visits the 
school rooms for a cursory and rapid examination of the pupils, he 
places himself near a window, with his back toward the light, and in 
such a position that the children can easily file by him. As they pass 
in a continuous column, each child extends and turns his hands, 
and opens his mouth in order that a tongue depressor may present a 
good view of the throat for inspection. It is needless to say that a . 
fresh depressor is used in each case. The eyelids are then pulled 
down, and girls raise their back hair. Throughout the examination 
the inspector aims to avoid physical contact with the pupils. The 
teacher stands near the examiner and records all physical defects on 
index cards, which are kept for reference. Children with communi- 
cable diseases are referred to the principal and sent home with a printed 
form, which states the main facts concerning the type of disease from 
which the pupil suffers and a notice that further inspection will be made 
in the home by a city medical official. The names of all children 
otherwise requiring treatment are recorded and referred to the school 
nurse. 

Daily Inspection—Each morning before 10 o’clock, if possible, 
each room is visited by the school nurse. She confers with the teacher 
and walks through the aisles inspecting the pupils. All suspicious 
cases, and all those who upon such superficial examination seem to be 
in need of medical care, are sent at once to the medical office to be 
examined more carefully by the medical inspector. If the number 
of children is too large for room inspection, all children suspected 
by the teacher of having a communicable disease, or otherwise needing 
medical care, are sent to the nurse’s office. All pupils having sore 
throat are cultured and sent home, and children with evident communi- 
cable disease are referred to the medical inspector for further examina- 
tion or sent home. 

School Absentees of four days or longer standing are required in 
many cities to visit the medical inspector or the nurse before reinstate- 
ment, and for this purpose should go directly to the office before going 
to their rooms. The medical inspector may lawfully re-admit all 
cases recovered from infectious disease except smallpox, scarlet fever, 
and diphtheria. In the City of New York the names and addresses 
of children recommended for exclusion are telephoned to the borough 
office of the division together with a tentative diagnosis. Tempera- 
tures are taken (see paragraph on Temperature) and the child other- 
wise carefully examined, and if found not suffering from contagious 
disease he is then given a certificate and allowed toreturn. If communi- 
cable disease exists, the case is quarantined (see paragraph on Commu- 
nicable Diseases). 

If contagious eye or skin disease is found, notice is sent to the 
parents to that effect with recommendation of treatment, and the child 
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is told to report to the nurse the morning following. Upon inspection, 
if the nurse finds evidence of treatment, he is allowed to remain, 
appearing at regular intervals for further inspection to ensure con- 
tinued treatment. 
When no treatment has been obtained the method of procedure in 
New York is the following: 
(a) Cases excluded: 


1. Contagious eye diseases with symptoms of acute inflammation 
or discharge. 

2. Contagious skin diseases with extensive lesions. 

3. Pediculosis with live pediculi. 

(b) Cases allowed to attend school while under treatment by a private 

physician, dispensary, or the school nurse: 

1. Acute conjunctivitis. 

2. Pediculosis (with no live pediculi). 

3. Skin diseases, including ringworm of scalp, face or body; 
scabies, favus, impetigo, molluscum contagiosum. 

4. Trachoma cases are instructed as to the necessity for treat- 
ment, and are required to report to the nurse at regular in- 
tervals for inspection, but are never treated by the nurse. 


In private schools of the highest type the teachers send lists of 
all absentee pupils to the medical office each morning before 10 0’clock. 
As all the homes are provided with telephones it is possible within a 
short time for the office to ascertain the cause of absence. In rural 
communities, where the telephone is generally installed, the same 
method would be practicable, the teacher in such instances making a 
tentative diagnosis in place of the medical office. As early information 
in regard to communicable disease is most important in checking its 
spread, this function of the teacher is not only legitimate, but desirable. 
In the Ethical Culture School of New York City the causes of absence 
in each room are recorded daily upon a large sheet (Chart, pp. 912, 
913) spaced for a daily record of three or six months. By means of this 
it is possible to obtain a rapid, correct impression of the individual 
record of each pupil, and also that which is much more valuable, an 
impression of the present condition of the health of the room as a 
whole. When colds are prevalent, the sheet sometimes reveals the 
fact that almost the entire room population has been affected. This 
is invaluable in knowing how to handle the problem discreetly. 

If the medical office of private schools desires it, they may obtain 
from the Department of Health a list of the names and addresses of 
all new cases of communicable disease in the city. With this informa- 
tion and a map, an interesting pin map may be made, especially relat- 
ing to the district in which the school is located. This is a source of 
great interest to the pupils, and is a graphic method of teaching com- 
munity hygiene. 

Monthly and Mid-term Examinations.—Once a month the school 
hygienist (see section on the Teeth) or nurse should visit each 
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room to make an inspection similar to that made by the inspector 
during the first days of the term. If she finds cases requiring treat- 
ment, she pursues the method indicated. In the City of New York, 
early in the history of medical inspection when only ten nurses were 
employed, 57,655 children were excluded from school for: contagious 
eye and skin diseases: in 1912 only 4716 children were excluded for 
these causes. 

Once a term the medical inspector should visit each room to watch 
the reactions of pupils during recitation and study, and to confer with 
the teacher. Children who squint or hold their books improperly, 
who complain of headache, toothache or earache, who are mouth- 
breathers, who look anemic and poorly nourished, or who are nervous 
in their actions, should be noted and sent to. the inspector later for 
further investigation. If possible, the medical inspector should occa- 
sionally attend teachers’ meetings, at which time the health of the pupils 
should be discussed and the teachers instructed. 

A comprehensive report of each day’s work is sent to the central 
office by the medical inspector and the nurse within 12 hours. Re- 
ports are sent also to the principal and to teachers in case of contagion 
or of physical defects which require school codperation.* 

“Follow-up” Work.—Follow-up work is distinctly the function 
of the nurse. Before this phase ot the work was organized the Depart- 
ment of School Hygiene of the City of New York brought about the 
treatment of only 6 per cent. of school children who were found to 
have defects. Three years after the work was organized, excluding 
the cases of defective primary teeth, 80 per cent. obtained the needed 
medical or surgical work. Without ‘‘follow-up’”’ work the physical 
examination for defects is hardly justified, as it means the outlay of an 
enormous sum of money without results. At present, when any defect 
is found, the parent is notified by means of a special blank form, calling 
attention to the defect and stating that the child should be taken to 
the family physician for treatment. When no attention is paid to 
this notice, a follow-up notice to the same effect is sent the parents 
by the principal of the school. If the parents call at the school, the 
inspector or nurse explains the nature of the defect and the need of 
treatment; if they do not respond within three days, the nurse visits 
the house and explains to the parent the nature of the defect, the need 
of treatment, and the beneficial effects that may be reasonably expect- 
ed to result from medical care. Repeated home visits are made by the 
nurse until treatment is provided, or an absolute refusal encountered. 
If parents are willing to have their children treated, but unable to 
pay, and if they are occupied so that they can not spare the time to 
obtain treatment, the nurse takes the child to a dispensary after the 
_ parent has signed a request to that effect. After the child has obtained 
treatment he is reéxamined by the medical inspector, who records the 

*See Rapeer, “School Health Administration,” pp. 343-52; Hoag, “The 


Health Index of Children,” Cornell, ‘Health and Medical Inspection of School 
Children;”’ Dressler, “School Hygiene.” 
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results.* Both the findings and the work of the inspector and the 
nurse are recorded on duplicate medical examination cards, one sent 
to the Department of Health and the other kept in the ofnee of the 
principal. Every effort is made to codperate with the Principat and 
teachers and with the family physician. 

Free Clinics.—Social problems enter constantly into health work. 
Nowhere is this more plainly seen than in the health work of the 
public schools. Society may be roughly divided into three classes 
for the purpose of consideration in this connection, viz., the capitalist, 
the middle class. In the lower class there are many so deficient 
either mentally or physically, or both, that they require either 
public or private supervision. A study was made of public health » 
efficiency in relation to the administration of the health work in 
the public schools of New York City by Dr. Lewinski-Corwin,+ 
He selected four schools in the Borough of Manhattan. One was 
on the lower East Side in a section whose population is composed 
almost entirely of Russian, Austrian and other Jews, but where the 
coéperation of the school authorities with the health officers is known 
to be excellent. Another was a school having a mixed population— 
foreign to a great extent—where the interest of the principal in the 
work of the health department’s officials was known to be slight. 
A third school, was also in a Jewish quarter but in another section of 
-the city near a large and efficient dispensary and the fourth school 
was In a representative well-to-do district of the city. From these 
schools, out of ,482 cases which were treated, 42.3 per cent. were 
cured, and another 20 per cent. improved. As the purpose of medical 
inspection in the schools is the remedy of defects, these results are 
very satisfactory. 

It is usually thought that advantage is taken of dispensaries by 
those who can afford to employ physicians. The following table, 
compiled by Dr. Lewinski-Corwin shows this idea to be fallacious: 


Taste 10 


Total 
School number of 
cases treated 


Treated by | Treated in 
physicians | dispensaries 


School A, lower East Side............ 104 AT 56 
School B, neighborhood of 30th St. 
andi2d ve He eee. 88 Al 45 
School C, up-town well-to-do district. . 94 54 31 
School D, upper East Side........... 196 93 96 
(Rotals 4 suse Aone <a yanyat ee 482 235 228 


—_— 
* Baker, S. Josephine, The Division of Child Hygiene of the Dept. of Health 
of the City of New York; and School Medical Inspection in New York City, 
Medical Record (Dec. 20, 1913). 
{ The Practical Necessity of School Clinics, The Popular Science Monthly 


(May, 1914). 
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Many dispensaries are now equipped with a social service depart- 
ment, a part of whose work is the investigation of the financial condi- 
tion of its clientele. It is apparent from the table that people of all 
classes avail themselves of the dispensary. On the other hand, it is 
surprising that among the very poor so many should employ their 
own physicians. In relation to dental dispensaries these facts are even 
more remarkable, not more than 17 per cent. availing themselves of 
dental dispensaries. ‘ 

Central Free Dispensary, connected with Rush Medical College, 
Chicago, and some others in different parts of the country, are adapting 
themselves to the convenience of working people—consequently early 
evening clinics are held, and hospital connections are established so 
that tonsillectomies and other minor operations, formerly undertaken 
in the dispensary proper with no little danger to the patients, can now 
be performed with hospital equipment followed by bed privileges and 
careful watching. The school clinic is meant to supply treatment 
for those whose parents are unable to afford or carry out the necessary 
treatment. Though people with means should always be encouraged 
to pay for the service they receive, the time will come when school 
clinics will be available to all tax-payers in the same sense that the 
public school itself is available. This advance will be reached when the 
public is awakened to the idea that the physical health of school 
children is as necessary as the education of their minds—perhaps 
more so. Already in New York City there are school clinics for nose 
and throat, for contagious eye diseases, and for the treatment of 
defective teeth. The school nurses or school hygienists care for 
minor skin diseases. 

In order to procure school clinics it is necessary to educate the 
parents to their importance. In every town, public spirited physi- 
cians may be found who will volunteer to organize such work. After 
its value has been demonstrated, it is time to agitate the matter in 
Parent-Teacher Associations, with the Commissioner of Health and _ 
the Board of Education. 

By coéperation with public or private charities and associations 
poor parents can be assisted in giving their children the needed 
attention. 

Education of Parents.—Both medical inspectors and nurses have 
a very important function as health educators. Medical inspectors 
instruct the children and the parents of children, either at the time of 
the physical examination, or later when the parents respond to notifica- 
tion of the defects of their children. The medical inspector should 
seek the opportunity to address groups of parents or parent-teacher 
association meetings on matters pertaining to the health of school 
children. The nurses’ opportunities in the school are with the indi- 
vidual child, or with groups of children, at the time of examination 
or treatment, and on all occasions when she visits the home. In 
some cities she conducts “Little Mothers’ Classes or Clubs,”’ and it is 
often desirable for her to address parent-teacher associations. 
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Material that will assist in the education of parents is found in 
(1) “Home Hygiene and the Prevention of Diseases’ —Ditman, (2) 
Dental charts; (3) Health lectures; (4) Tuberculosis and other health 
exhibits; (5) Health budget exhibits for medical supervision; (6) 
Pamphlets:'on infant and child hygiene for parents; (7) Pamphlets 
on sex hygiene; (8) Newspapers; (9) Elsa Denison’s book ‘“‘ Helping 
School Children;” (10) Annual health day, or health week in the schools. 


AGE AND DEVELOPMENT IN RELATION TO SCHOOL ENTRANCE 


It is the general consensus of opinion that for the average child 
six years is the best age for entering the elementary school. In 
Germany* children are not allowed to enter under the age of five 
years and nine months. Admission following Easter is only permitted 
in children whose birthdays will occur before July 1. Some authorst 
regard the physiologic age and the relation of the home to the school 
as of greater importance as determinants of school entrance than 
chronological age. If the home conditions are exceedingly poor, it 
may be an advantage to the child to attend school earlier. -On the 
other hand, as there seems to be a correlation between physical and 
mental development, it is desirable either to hold back the poorly 
nourished, anemic, rachitic possibly tubercular child until he has 
had opportunity to develop, or else to place him in schools designed 
primarily for the purpose of promoting health (see Vorschule, p. 1122). 

In discussing the problems of age for school entrance in children 
from homes of the well-to-do, G. 8. Hallt says, “It is true that the 
school as it is now conducted takes the child from home and play. too 
early, but the remedy for this is not to begin school later, but to change 
the methods. At present the first two years are likely to be nearly 
wasted, for the school takes the child at an age when there is often 
weakness and ill adjustment, shuts him up and away from nature and 
free social life, forces him to use only his small muscles, failing to see 
that all interests are now motor and demand free expression. All 
natural instincts should be given free and wide opportunity. The 
kindergarten ideals, rather than those of the higher grades, should 
dominate until the age of eight, and the time devoted to filling the 
mind and cultivating experience and expression.”’ 

There is no question but that home conditions, mental status, 
nationality, as well as food, have a bearing upon the physical charac- 
teristics of the child (see Nutrition). 

Porter|| examined 33,500 school children and found that those 
who belonged to the higher classes in school had better physical 

* Kruse und Selter, ‘‘Gesundheitspflege des Kindes.” 

+ Thiele, A., Versuch einer Biologie der Schulanfanger, Ztschr fur Schul- 
gesundheitspflege, xxvi (1913), pp. 377-827. ' 

t “Genetic Psychology.” 

|| The Physical Basis of Precocity and Dullness, Transactions of the Academy 
of Science, St, Louis, Bd. vi, s. (1893), p. 161. 
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development than their older companions in lower classes. This was — 
also found by Rietz in Bonn for district school children. 

A table showing that the height of the children is less in direct 
proportion to their retardation: 


TaBLe 11 
Boys 
‘School years......<..:-.' 1 2 3 4 5 6 vf 8 
cm. 
Normal grades... ses 2040+ 112.7,118.5.123;3 128,10182:9-43729-142: 15 147..0 
evarded) Peyear. » =... muse 115.7 121.4 125.8 131.8 136.1 140.0 144.2 
Retarded 2-vyears. s.. ..d::4 ube eeeies 119.5 125.3 180.3 184.0 188.7 144.1 
Retaraed:3: Years OF MOrGuige ee Merwe acs a ee rs 187.9 148.3 
. Girls 
Normal grade............ 112.3 118.1 123.1 127.9 133.6 139.7 144.4 150.0 
Retarded lyears) 200s 115.3 120.6 126.0 130.9 135.5 142.0 147.4 
Retarded’ 2*yearss,.2., 5.2 eee 120.6 124.0 129.8 134.0 140.6 146.8 
Retarded 3 years'ormorey (WI, ey, Doe See Ree 140.0 144.0. 


A similar study of 42,000 school children in regard to the difference 
between city and rural schools reveals a difference in physical develop- 
ment as follows: 


' TaBLeE 12 
Boys 
DENOOMY CAI coer ts eee 1 2 x 4 5 6 7 8 
Wirth act ee pg Ae teh al 5” gugk 2 84g 9146 104% 114 12k 134 
cm. 

City schools............. 117.4 123.4 128.0 132.6 135.0 189.8 145.6 150.0 
District schools.......... 112.7 118.5 123.3 128.1 132.9 137.9 142.1 147.0 
Girls 
Cityischools 72. ine eae 116.2 121.8 127.1 131.8 136.0 142.5 148.4 15327 
District. schools. .......... 112.3 118.1 123.1 129.9 133.6 139.7 144.4 150.0 


Similar results were found in a study of the children in the Horace 
Mann, Francis W. Parker, and University of Chicago Elementary and 
High Schools* and in another study of the University of Chicago 
Elementary and High Schools. The latter study showed that 
children of the University Elementary School (whose parentage was 
either of the faculty of the University or of the well-to-do of other 
professions or types of business) averaged 5 cm. more in height and 
2.5 kg. more in weight than children of the public schools. Similar 
differences were also noted in grip, vital capacity, and head measure- 
ments. Binet tests showed also that the average mentality of this 
group was one year in advance of public school children. The truth 
of some of these statements and those related to nationality are shown 
in the accompanying charts. 

* Baldwin, B. T., i i 
ioe ae ne and School Progress, United States Bureau 


+ Young, Josephine E., Supernormal Environment and the: Growi : 
Fourth International Congress of School Hygiene (1913), wing Child, 


AGE AND DEVELOPMENT IN RELATION TO SCHOOL ENTRANCE 921 


All such facts as these should be taken under consideration by 
hygienists. Teachers should be informed of the relationship between 
the higher grades of physical equipment and mental progress, as well 
as the reason for the seeming indifference or laziness of many delicate 
children. 


CLASS OF NEIGHBORHOOD 
NATIVITY OF [BEST RESIDENTIAL CONGESTED-POOR 
MOTHER 20 40 60 


CHICAGO 
U.S, ELSEWHERE 
TOTAL U.S. 
IRELAND | 

ENG'D, SCOTD. 2 WALES 
GERMANY - 
AUSTRIA 

OTHER GERMANIC 
HUNGARY 
RUSSIA 

POLAND 
BOHEMIA 
LITHUANIA 
OTHER SLAVIC 
SCANDINAVIAN 
ITALY 

OTHER LATIN 
OTHER FOREIGN 
TOTAL FOREIGN 
UNKNOWN 


Cart 4.—Pupils examined physically classed by kind of residential districts 
and by nationality of mothers. Dep’t. of Health, City of Chicago. Report for 
1911-1918, p. 549, 
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PUPILS EXAMINED 12,264 - 


Cuxne Bas Phyaient defects found classed by location of schools according to 
kind of residential district. Dep’t. of Health, City of Chicago. Report for 1911- 


1918, p. 549. 
W. H. Burnham* after discussing height, weight, head and chest 


* A Health Examination at School Entrance, Journal of the American Medical 
Association, Vol. Ixviii, No. 12, p. 813. 


ANEMIA = 
ENLARGED GLANDS 
GOITER, 

NERVOUS DiS. 
CARDIAC » 
PULMONARY DIS. 
PULM’'Y. TUBERC'L'S. 
RACHITIC TYPE 
OTHER ORTHOPEDIC 
SKIN DISEASE 
VISION DEFECT 
OTHER DIS. OF EYE 
HEARING DEFECT 
DISCHARGING EAR 
DIF, OF NASAL BREATHG. 
DEF. OF PALATE 
DEF OF TEETH 
HYP. TONSILS 
ADENOIDS 
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circumferences, vital capacity, and grip, as given by Camerer, Monti, 
Lange, Gundobin and Steinhaus, advises the following measurements 
as minima for entering school children: | 


. The height should be at least 115 cm. 

.. The weight should be at least 20 kg. 

_ The chest circumference should be at least 53 cm. 

_ Children on entering school should have all four of the six-year 
molars. This should be required of both sexes. 

5. Standards should be the same at this age for boys and girls, 

although for girls a little less may be permitted regarding height 

and weight. 


Bone development at this age, as shown by Roentgenograms* 
is as follows: 

Times of Appearance of Epiphyses: Ulna—lower epiphysis, fifth 
to seventh year; phalanges (ossific center of second row) fourth to 
seventh year: all bones of the wrist are present, but only the os magnum 
and unciform are well developed. 

By the end of the sixth year all epiphyseal centers have appeared 
except: 


Pwd ee 


Humerus—lower epiphysis, trochlea, external epicondyle. 
Ulna—upper epiphysis. 

Femur—trochanter minor. 

Completion of the obturator foramen. 

Union of the ischium and ilium. 

Ossification of the cartilage of the acetabulum. 


For exhaustive Anthropometric Studies see Hfdlicka, Ales., Anthropometry, 
American Journal of Anthropology, Vol. ii, Nos. 1, 2, 3, 4 and Vol. i, No. 1. 


The marvelous physical development of young children progresses 
without setback until the period between 7 and 10 years. Practically 
all tables of weight and height show a slight relative falling off at this 
time. With this occurs the second dentition with a concomitant loss of 
chewing surface and liability to toothache. There is also a change in 
the circulatory system. The heart becomes relatively smaller than 
the blood vessels, and there is a resulting tendency to heart weakness 
and fatigue.t 

EK. M. Hartwell’s tables on the specific intensity of life show 
that in girls from the ages of eight to nine, and for boys from the 
ages of 9 to 10, there is a lessened rate of rapidity of increase in 
immunity. This period should be borne in mind in planning school 
curricula, as will be seen under the Hygiene of Instruction. 


* Rotch, “Living Anatomy and Pathology.” 

+ Gundobin, ‘ Besonderheiten des Kindesalters,”’ p. 124. 

t Physical Training, Its Function and Place in Education, American Physical 
Education Review, Vol. ii (1897), pp. 1383-151. (See pages 407, 408 and 420.) 
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EXAMINATION FOR THE DETECTION OF NON-CONTAGIOUS PHYSICAL 
DEFECTS 

Physical examinations may be conducted in two ways: 

1. The customary public school method is the examination of an 
average of 10 children each day in a different school. In the City 
of New York all children entering school for the first time are examined 
as early as possible; thereafter special cases are examined who have 
been detected by the medical inspector, or referred by the school 
nurse, or teacher; finally the rest of the children are examined grade 
by grade. Every child should be weighed and measured at least at 
the beginning of each term, and every child should have a thorough 
physical examination at least once in two years. These examinations 
are made preferably by the medical inspector. If the community can 
not afford a medical inspector, an especially qualified nurse or school 
hygienist may conduct them. 

2. In private schools and in those public schools of small com- 
munities that can afford it, it is desirable to make all physical examina- 
tions during the first two weeks of school before the strenuous activities 
of physical education begin. This entails an additional temporary 
force, and in most communities is not practicable. This method is 
very desirable, however, and if possible should be conducted along 
the following lines. Ten days before the opening of school, notices 
of the medical examination should be sent to the parents, making 
definite appointments and urging them to be present with their 
children. They are informed that the appointment may be changed 
if the one designated is inconvenient, providing it is requested before 
a date designated. In the case of new pupils a health blank is sent 
with the notification, which solicits information regarding the pupil’s 
health condition during the preceding year and summer vacation, his ' 
past communicable, other serious disease and operation history, his 
present hygienic home conditions, including habits of sleeping, eating, 
out-door exercise, home study and routine, social and cultural activi- 
ties not directly connected with the school, his vacation environment, 
and other miscellaneous information which may have a bearing on 
his health. These blanks are filled in by the parents and returned to 
the medical officer by each pupil as he comes for examination. They 
are kept on file in the health folders of the pupils. 

The force required for the conduct of physical examinations is: 

An office secretary. 

Trained physical education workers. 

(a) Anthropometric measurements, which include _ nutrition 
estimates and observations. . 

(6b) Examination of postural defects and advice for corrective 
home work. 

Physicians. 

(a) One who makes the tests for hemoglobin, examines eyes and 
ears, and takes temperature, pulse and blood pressure 
records. 
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(b) Two who complete the examinations of those pupils who 
are allotted to them. The examiners look at and record the 
general nutritional condition and conditions of the nose, 
tonsils, teeth, thyroid, glands, heart, lungs, abdomen, spine; 
for tuberculosis and other organic changes; they examine 
skin, extremities, reflexes, genitalia—if necessary—and the 
length of the legs. 

As the examinations are concluded, the office secretary collects 
the examination records. 


Number of Examinations per Day.—With this force from 40 to 45 
pupils can be examined during school hours. 

Equipment of Room Space for Examinations.—A large room is 
desirable, which can be sectioned off by screens such as are used for the 
stage settings of the assembly hall, if such are available. Smaller 
screens make good dressing rooms. There should be separate spaces 
for weighing and measuring, equipped with a desk or table, scales, 
height measuring apparatus, tape measures, and calipers. The space 
allotted to the examiner of posture should be fitted with a long mirror, 
a table, and two chairs. The space occupied by the physician detailed 
to what may be called laboratory work should be in a separate room 
where it is quiet. She should be provided with Snellen’s charts, a 
watch, a reliable, recently tested blood-pressure instrument, preferably 
one which can be quickly manipulated—such as the Tycos or Federal— 
and apparatus for testing hemoglobin. It is well known that the 
Tallquist scale is not very reliable, but it is doubtful if a Dare could be 
used in such rapid work unless one person were delegated to the task. 
The other two physicians will require only the stethoscope, tape line 
for leg measurements, an examining table, two stools and a chair. 

Costume for Examinations.—As the public school does not permit 
the removal of enough clothing to place the stethoscope directly on the 
skin of the chest, and it is impossible to make accurate heart and lung 
diagnosis without doing so, the matter should be constantly and tact- 
fully agitated until parents are educated to see the importance of the 
procedure. Even after their codperation is assured it will be well to 
begin this more thorough type of work with boys. As soon as the 
advantage of sound medical work can be demonstrated, the parents 
will demand the same thoroughness for their daughters. Under 
present conditions girls should always be guarded from unnecessary 
exposure, they should retain their knitted underwear, shoes and stock- 
ings, and should be provided with a long straight strip of outing 
flannel with a hole in the middle for the head. The shoes should be 
unfastened, ready for rapid removal. In most private schools the | 
physical education directors of boys advise the removal of all clothing 
during the medical examination. 

The health examination card of many cities provides a space for a 
_ record of the social condition of the families from which the children 
come. This is very desirable in many instances, and can be procured 
by the nurse when she is making “follow-up” calls (note p. 916). 
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TaBLE 13.—EstTimMates or PERCENTAGES OF Puysican Drrecrts 


Rapeer.| Baker Chicago 
(E-D»),| Shoot | .4).| Now | Penn. pera 8. 
Toten admin- New York sg Chicago ae 
¢ istra- York State eee cate) Rural 
children oem Cit towns mental | children 
y 4 
defectives 
Pediculosis........ 
Peethy,, sos cers. ces 33.6 51.0 49.4 done be Oo 47.0 52.0 49.0 
EYorrhGat he Scien) hat Mee ee Fe shhea reve pisces esas 13.0 
Adenoids...... Pitoly “Les 5.0 TG 10.8 4.9 
WOnStls 7. ee 59s 2h. cy) 16.4 6-10 10.4 26.3 23.0 43.0 28.0 
Nasal ontargly: 2c cj crises |e ti he ieee 14.6 
Wouth breathers 7e.||" sc. cll sata oo Saat 14.0 
Palate -defects.....| ..... OU% 
Byesight.... 2... .. 13.4 7.0 ies See 17.8 12.6 LOR. 21.0 
Contagious eye dis- 
WABCO eee. Boo ol wk ct tte 2.0 
LN ee Ane ae Eee 1:28) 2.0 0.42 3.3 NS 5.4 4,78 
Glands. san aacs.ae at So. eee. wire 4.9 0.4 17.0 6.4 
ivnetthyrend. os 3.110 ce eal Rie cele nce is Carne a arahs 16.0 
BAY DOL VLOLOE 60, hall ores Pa fe creole cc sie euetets eRe 2.7 
Oa ais tos Ce Gee eae ee |e ee 0.12 
Heart disease, val- 
VESEY ore eee, 0.4 0.9 0.55 ae a erates aes 14.7 0. 74 
Rheumatism.. ...| ..... 0.001 
Whorea\si.cw es... ae 0.5 0.31 
Skeletal deficiency.} ..... 0.2 0.25 
Scoliosis and round 
shoulder...... Sah cee ae 0.8 
AmSemin: . Ae ses ate c 1.5 BOL Baie beristen bite 16.0 1.6 
Malnutrition...... 7.65 4.0 2.9 33.0 25.3 16.6 
Speech defects.....]| ..... 0.9 ; 
Risetidisiensress ss, 22. |» eae tks Be 


TaBLe 14.—DuNFERMLINE, ScorLAND, 1906-1910 


Nutritionec: 5. s.ccssc te 55.74 (medium and bad) 9.6 very poor 
Pes thz ant Meek Seren te 65.28 18.64 very poor 
VAISIOEUS: esate t oriters Sa ree 8.70 (6/9 vision and worse) 9.42 (6/12 vision) 
Nears Mee eee ae ok 0.33 

ACGenOlds ae.) Eee uloe ces 0.19 

Mouth breathers.......... 0.25 

(onset ssn tee eee 0.04 

Gland siete 0 teins! tae 0.034 

Hernan bt eee eee 0.017 


It will be seen by Table 13 that there is considerable difference in 
the estimation of the inspectors of different cities. Rapeer estimates 
roughly that one-third of all school children have no defects, one-third 
have décayed teeth, and one-third have other serious defects. This 
is doubtless a low estimate. Rural children and defective children 
have a much higher. percentage, as may be seen by reference to the 
last two columns. The figures of the work certificate group are based 
on the examination of 100 boys and girls over 14 years of age examined 
at the Orthogenic Institute of Rush Medical College, Chicago. The 
large number of defects found in this group is due to a general lowered 
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vitality, to the inefficiency of the group, and to parental inefficiency 
as shown by a lack of proper food, of good air, of hygienic habits, and 
of attention to defects. 


NUTRITION 


Barring infections, and perhaps the heating, ventilation and lighting 
of school rooms nutrition is the most important point to be considered 
in connection with school hygiene. 


Taste 15.—WeicHT To Hnicut INCREASE 


Boys | Girls 
Height 
ide Weight, ee Approxi- | Weight, se Approxi- 
ds | P& ee mate age | pounds ange mate age 
ages pounds pounds 
42 41.8 Boe 5 40-9 Moths 5 
43 43.6 1.8 42.6 aleve 
44 45.6 2.0 44.5 1.9 
45 fy DAT G 2.0 6 46.5 2.0 6 
46 49 .6 2.0 48.5 2.0 
47 5221 25 a Val 2.2 {i 
48 54.6 ZnS 5S .2 2.5 
49 57.3 220 9 56.1 2.9 9 
50 60.2 2.9 oe 58.8 2.7 
51 63.2 3.0 10 61.4 2.6 10 
52 66.3 3.1 64.4 3.0 
53 69.2 2.9 11 67.5 jag | 11 
54 (PARE 3.5 71.0 3.5 
55 76.4 Bai 74.9 3.9 
56 80.2 ‘3.8 12 78.8 3.9 12 
57 84.0 3.8 83.4 4.6 
58 87.9 3.9 13 87.9 4.5 
59 91.6 3.7 93.3 5.4 13 
60 95.5 3.9 98.8 oe5 
61 100.5 5.0 14 105.4 6.6 
62 105.6 5.1 a LS ae L103 14 
63 110.7 5.1 15 
64 115.9 See 
65 121.0 Dek 16 
66 126.6 5.6 
67 136.1 9.5 


RE Se ES EE RR PE ear Ee SS ee Se ee 


Asa basis for nutritional standards it is necessary to have correct 
data regarding growth. L. E. Holt*hasmadeastudy of the differences 
in height of the Japanese, Italians, Germans, English, Poles and 


* Standards for Growth and Nutrition, American J 1 of Di 
Children (Dec., 1918), p. 359. CNEL cece 
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‘Russians. The variation is so great that it is important to consider 
it in dealing with the problems of nutrition confronting physicians 
and educators in a country composed of many heterogeneous groups, 
such as are found in the United States; therefore tables of height and 
weight based on age are giving place to the weight-height coefficient 
(the weight in kilograms or pounds divided by the height in centimeters 
or inches). 
The approximate monthly gain in weight: 


TaBLe 16 
Sw ha sSsSsSS 
Boys Girls 
Age, years Gain, ounces Age, years Gain, ounces 

5- 8 6 5- 8 6 
8-12 8 8-11 8 
13-16 16 11-14 12 
16-18 8 14-16 8 

16-18 4 


a ee ee ee 

Measurements and weights should be computed after the removal of shoes and 
coats. 

B. T. Baldwin, of Swarthmore, Pennsylvania, has published an excellent 
“Individual Record Card in Physical Growth’’(p. 930) which presents norms for 
height, for weight, and for lung capacity in the form of curves, as well as tables 
of the height-weight coefficients. These cards are taken with the child through 
the various grades, his own record being plotted in corresponding curves, thus 
keeping him constantly informed of his physical growth progress. 

Tables based on age, with a monthly increment of both height and weight, 
have been compiled by Boas and Burk, and may be procured from the Elizabeth 
McCormick Memorial Fund, 6 North Michigan Avenue, Chicago, ‘Methods 
and Standards in the Weighing and Measuring of Children.”’ 

See also Julia C. Lathrop, Physical Standards for Working Children, Chil- 
dren’s Bureau, U. 8. Dept. of Labor. 


The child’s food requirements are fundamentally like those of the 
adult’s, with some differences to be noted later. They are: 

1. A sufficient number of calories. 

2. A sufficient amount of protein for sustaining and building 
purposes. 

3. Carbohydrates and fats in sufficient amount to provide for 
body fuel and energy, and to avoid an excessive draft upon the protein 
of body tissue. 

‘4. Mineral salts, especially calcium, phosphorus, and iron, for 
building purposes and the regulation of body functions. 

5. Foods that prevent acidosis. 

. 6. Foods containing fat soluble a Apne 
Foods containing water soluble B 
Vou. I—59 
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7. Protective foods: milk, eggs, leaves. _ 
8. Water for the regulating of body functions. 


orms represent well-developed children with school-medical inspec- 

tion pies gibi) conning, A small child for a given age may be well devel- 
oped if the coefficients, height, weight, and breathing capacity relationships, are 
normal and approximate those indicated. ‘The formula is 
"Weight +height =weight-height coefficient. } 

Breathing capacity +height =vital-height coefficient, ‘ : 

For example. For 5* years, 41 Ibs. +43 in.=.95 weight-height coefficient. 

In the metric system use height in centimeters, weight in kilograms, an 
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7 : 7 8 
breathin; city in liters. The English weight-height coefficient norms 'X .1790= > 8 
ki weirbt-height coefficient'norms. The English vital-height coefficient norms et | 
X .00645 =metric vital-height coefficient norms. atic 


CHartT 7. 


In order that vital processes may go on in the body, the tissues, 
in warm-blooded animals, must be kept at a certain degree of tempera- 
ture, and must have brought to them by the blood a certain quantity 
of food in solution which can be assimilated and which will compensate 
for the katabolism resulting continuously as the product of combus- 
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tion. This is designated by Benedict as “the energy requirements 
for maintenance, or overhead charges.”* The growing child also 
requires additional food for body development, and for both the 
ordinary and excessive physical activity which characterizes this 
period. 

Basal metabolism, which is accurately estimated by an instrument 
called the calorimeter,} is the amount of heat production necessary to 
meet maintenance requirements only. Experiments in basal metabo- 
lism are performed with the body in complete muscular repose and 
after 12 hours’ starvation. If only the amount of food necessary to 
meet the requirements of basal metabolism were ingested, pronounced 
malnutrition would soon result, as the natural growth in height must 
be accompanied by a parallel growth in weight, and provision must 
be made for these and for physiological and muscular energy. 

Formerly basal metabolism for both adults and children was 
computed upon the square meter of body surface. Benedict has 
shown more recentlyt that this computation cannot be used for 
children, and presents a chart from which the following tables for 
boys and girls have been derived: 


TasLe 17.—Toraut Catortes RererrReD TO Weicnt (BasaL MeEraso.ism) 


_ Kilograms Calories, girls Calories, boys 
2 100 100 
6 350 350 

10 520 560 
14 640 700 
18 760 815 
22 850 910 
26 P9720) 1020 
30 1040 1130 
34 1190 1200 
38 1250 1300 
42 1300 1400 


A study of this table shows that there is a greater increment of metabo- 
lism at the lower weight limits than at the higher, and also that there 
is far less difference in metabolism between boys and girls than might 
be expected if one takes into consideration the difference of their life 
habits (p. 964). 
1. Caloric Estimation (Food Requirements as to Quantity) -—Th 
prevalent method of measuring food values, and basal metabolism, is 
by calories or heat units, determined by the calorimeter. The calorie 


* Energy Requirements of Children from Birth to Puberty, Boston Medical and 
Surgical Jour., clxxxi, No. 5 (July 31, 1919). 

+ Ibid., or Lusk, ‘‘Science of Nutrition.” 

t Ibid. 
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or heat unit is simply a standard of measure for heat as the pint is for 
milk or water. ea" 

One heat unit or large calorie is the amount of heat required to 
raise 1 kg. or 2.2 pounds of water 1°C. (1.8°F.). 


15 grains (1 gm.) pure protein burned in the body raises 4 kg. of water one calorie. 
15 grains (1 gm.) pure carbohydrate burned raises 4 kg. of water one calorie. 
15 grains (1 gm.) pure fat burned raises 9 kg. of water one calorie. 


We say therefore, that 
1 gm. protein furnishes four heat units or calories. 
1 gm. carbohydrate furnishes four heat units or calories. 
1 gm. fat furnishes nine heat units or calories. 


For example: 1 ounce or 30 gm. of olive oil furnishes nine times 
30 or 270 calories. 

von Pirquet has developed another system of measuring food values 
and food requirements, which has as its nutritional unit 1 gm. of 
mother’s milk, equal to 0.67 large calorie. This he refers to as N. E. 
M. (nem) (Naehrungs—Einheit—Menge). On this basis he has 
estimated the values of different foods. For example; sugar has 6 
nem per gram, fresh spinach 0.4 nem, fresh meat 2 nem, etc. The 
index for the amount of food required is the intestinal area which 
represents the surface governing the amount of food absorbed. He 
calculates that the length of the intestines is 10 times the sitting 
height, and the width of the intestine {> of the sitting height. If 


Si represents sitting height, then 10Si = = S72%. In other words, 


if 80 cm. is the sitting height, the food requirement is 80 X 80, or 
6,400 nem.* Feeling with von Pirquet that the calorie is too abstract 
an entity for the child to understand, some dietitians have taken the 
teaspoon as their unit of measure. They draw comparisons for the 
child between a teaspoonful of fresh peas and a teaspoonful of dried 
peas, etc. It has been quite conclusively shown in nutritional clinics 
. that children have an adequate working concept of the calorie as they 
have of degrees of temperature. It would seem therefore that as the 
calorie is the fundamental unit for the quantitative measurement of 
food that it is wiser to use it. One hundred calorie portions help to 
make food values clear as does the ‘customary measure’’ also which 
has the added advantage of being a direct association (paragraph on 
“ Association,’ p. 988). 

Mrs. Mary Swartz Rose (‘Feeding the Family”) has given the 
number of calories per pound per day that meet not only the require- 
ments of basal metabolism, but those of growth and ordinary muscular 
activity: 

*For further description see von Pirquet, C. F., “System der Ernihrung, 
Berlin, Julius Springer (1917); Schick, B., Das v. Pirquetsche System der Ernih- 
rung, Ergebn. d. Inn..Med. u. Kinderh., xvi (1919), p. 384; Faber, Harold, von, 


is Feeding System, Amer. Jour. of Dis. of Children, xix, No. 6 (June, 1920), 
p. 478. 
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TaBLe 18.—Maximum anp Minmum Dairy Catorres REQUIRED ACCORDING 
TO WEIGHT FOR PERSONS ENGAGED IN Licnr Puysican Worx 


Agr, YEARS CaLoRigs pur LB. pER Day 
I— 2 45-40 
3 ) 40-35 
6- 9 35-25 
10-13 30-25 
14-17 25-20 
18-25 20-17 
60-70 15-12 


Some Food Facts—Mary Swartz Rose, Columbia University. 


Studies have been made by Gephart* of boys of St. Paul’s School 
at Concord, New Hampshire, which emphasize the importance 
of very liberal allowances of food at the prepubertal and pubertal 
periods. These boys, who were between the ages of 1314 and 16 
years, consumed on an average 5,000 calories a day, considerably more. 
' than the amount required by farmers at hard work. Lusk says that 
the basal requirement of boys when asleep is 25 per cent. above 
that of adults, and that the total fuel intake is three times that 
of this basal level. He further adds that a lack of appreciation 
of this factor causes much of the current malnutrition of children of 
school age. 

Other factors which enter into alterations in metabolism and - 
weight are the activity of the thyroid gland—either diminished or 
increased—anemia, the amount of exercise, extremely hot or cold. 
baths, clothing, the wind, humidity and altitude. 

2. Protein.—A sufficient amount of protein should be eaten for sus-; 
taining and building purposes. The amino-acids of proteins are found. 
in’both animal and vegetable foods, but they are not equally usable. 
Some of the amino-acids found in vegetable foods must be worked over 
by the animal body of lower animals into a form that is assimilable by, 
the human body. Corn, for instance, which has no tryptophan (one of: 
the most important of amino-acids for man), is excellent food for the - 
~ cow, in whose body it becomes converted into muscle or milk protein, 
in which form it is available for the building of human tissue. Protein. . 
is absolutely necessary to life,t but it is not desirable in excessive, 
quantities, 15 per cent. of the total food intake at.the most being, - 
sufficient. Mrs. Rose estimates that while 2 to 3 protein calories per, 
pound are ample for the adult, a growing child may require more;: 
2 to 4, or even 4 to 6 especially in cold weather. Milk protein is: 
doubtless more valuable than meat protein.t McCollum says ‘‘Lacto 
vegetarianism when the diet is properly planned is the most highly 

* Boston Med. and Surg. Jour., clxxvi, No. 17 (1917), from the Russell Sage 
Institute of Pathology. : 

{+ Maver, Maria B., Nutritional Edema and War Dropsy, J. A. M. A., Ixxiv, 
No. 14 (April 3, 1920), p. 934. : 

t Hindhede, M., The Effect of Food Restriction During War on Mortality 
in Copenhagen, J. A. M. A., xxiv, No. 6 (Feb. 7, 1920), p. 381. , 
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satisfactory plan which can be adopted in the nutrition of man.” 
School children should have from one pint to one quart of milk daily. 

3. Fats and carbohydrates are necessary as sources of energy and 
as conservers of protein. Carbohydrates furnish about two-thirds of 
the energy produced by the human organism, and are the most econom- 
ical foodstuffs.* The ingestion of fat as fat is for the purpose of 
providing fuel, and also for the purpose of relieving the intestine of 
excessive carbohydrate digestion and absorption. 

4. Mineral salts are extremely important in the building of body 
tissue.t The average boy between the ages of 6 and 14 years requires 
at least 0.39 gm. calcium daily. Unless water is very hard it cannot 
be depended upon to supply much calcium, which must therefore be 
derived from milk, egg yolk, beans, nuts, carrots, grains, ete.{ Milling 
removes half of the calcium content from grain, therefore the coarser, 
darker flours are to be preferred. Calcium is not only a body builder, 
but it conserves both protein and iron in metabolism. 

Phosphorus is essential to the growth of all the tissues of the body, 
it is also of importance in preventing acidosis. It is estimated that 
man requires from one-fortieth to one fiftieth as much phosphorus as 
protein.|| It is found most abundantly in egg yolk, entire wheat, 
dried beans, nuts, oatmeal, beef, milk, lettuce, cider vinegar and 
oysters. 

Iron.—The amount of iron in the body is small—only 3 gm. in an 
adult—but as in the form of hemoglobin it furnishes the mechanism 
for oxidation, it is of extreme importance. Iron is absorbed from the 
small intestine and enters into firm organic combination with the 
body protein. Inorganic or medicinal iron is absorbed and utilized 
only in the presence of organic iron; therefore in giving medicinaliron | 
a careful dietary plan should be made, including iron-containing 
foods. From 7 to 10 mg. of organic iron is required daily by the 
growing child. It occurs in greatest abundance in egg yolk, dried peas 
and beans, spinach and lettuce, beef, oatmeal, and entire wheat, dried 
prunes, nuts and raisins. 

5. Foods preventing acidosis are potatoes, oranges, raisins, apples 
and bananas. 

6. Fat-soluble A is a vitamin found in minute amounts in milk, 
egg yolk, in the leaves of plants, and glandular organs, the liver of the 
cod furnishing an important source in the form of cod-liver oil. Recent 
investigations of Osborne and Mendel** have demonstrated that the 
tomato and orange are not only anti-scorbutice but that they afford 
- very valuable sources of both fat-soluble A and water-soluble B. 


ae Lusk, “Science of Nutrition.” 
herman, Henry C., Quantitative Aspects of Nutrition, T hers’ 
Bulletin, Second Series, No. 15 (March 25, 1911). eee oe eat 
if Editorial, J. A. M. A., Ixxiv, No. 16, p. 1103. 
| Baan) J. A. M. A., lxxiv, No. 12, p. 804. 
ee references in editorial of the Jour. Amer. i 
ne mer. Med. Assn., Ixxiv, No. 25 
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Water-soluble B is a vitamin found in the outer covering of rice 
and other seeds, in milk, vegetables and fruit. 
The following is a list of foods with their relative proportion of 
vitamins, published jointly by the Lister Institute and Medical 
Research Committee: 


nnn EEE EEE 


CHART 8. 
Water-solu- 
Fat-soluble A | pile B or anti- Antiscor- 
Classes of foodstuff or anti- neuritic (an- butic 
rachitic tiberiberi) factor 
factor factor 
Fats and Oils: 
PRGhOES toes. ear ee eS ek SS +++ 
CONTEST Ney Gey nie ce AM ae ane aL» ages ae GE ++ 
CodEliver OU a er oe or re ee +++ 
IR VEa SS vou Eo4 see oe ae ite 3 ro CO Oe er ie aie eae ++ 
Beek fabior pues, ce ie ues OC ee eco Tes sp =- 
Pea nuticile pepe er cee. fe eae os Meals, ais, 2 + 
Bint On, WHALG OU GEN tant ee tater e hee ++ 
Margarin prepared from animal fat.......... Value in pro- 
portion to 
amount of 
animal fat 
contained 
INetbrurttiersss . (sstcas- cite sac cites cists as esis c¥ dis 
Meat, Fish, etc.: 
Lean meat (beef, mutton, etc.)............-. ad + He 
nh fs eh aetna tre ToemG Sach ocala cic ++ ++ 
RGA OPI orc drt xin Oradea) Spe AS ea hia NINA Fei ++ ok 
PICRIS Cees. a eS aa cnn ts Mote rane a netenie oye ++ + 
rite Se ost eae aay, gers <Ris <2 she. + ++ 
DI WWERLDT ORGS ace cree ciseare ances ieee panel ons. c) oars tee = sE58 y 
Hish; whiter Seer. See ses ee ee Be Seka aes very slight, if 
any 
Fish, fat (salmon, herring, etc.)............-. ++ very slight, if 
any 
Wight, COG. <2 i else ye a vas Ce iets «5 etre aia + Sas 
anmed sents ah. dnt amatisieee ole sieves oes eae ? very slight 
Milk, Cheese, etc.: 

BIE COW WROM g EAW. ii aise)» Scere) we sys Se = + 4 
IVER SICIATi ae EEN oc oie ercis cs ee ase Se ele Se ete eclaysie Gralla cic 3 + = 
Milk Vdried | switoles 2255.8. 2.< sas chc. aoe ce clk shes less than ++ + less than + 
Milk, boiled, whole............. Reet es a 6 undetermined + less than + 
Milk, condensed, sweetened...............-- a5 + less than + 
Cheese, wireless = So oye:< og aise. c s.0.5)2 5.0 wlacers + 

Egqs: 
Wes ies oes See ee eee ea siainie esac tec oiessiars ++ +++ ? 
SIG at eet ewan oo tay iste wietehe var auy ieee ora ge ++ +++ ? 
Cereals, Pulses, etc.: 
- Wheat, maize, rice, whole grain............. + + 
Wiheaty seni)... 5a nee reer coure ec ee hier ++ +++ 
WW lleat, anime bore tas cists cites aytatess cae ice oiseatahs 6: cusr< ae 5 ++ 
Linseed, millet... .......-- 2022000 e ss eeeeee ++ ++ 
Dried ie aay See oe Se See oe eee ieee eee ae 
Soy beans, haricot beans..............-..+- 
Ga minster pulses OPSCOLEHIS . |; s asterstercisieters: 2 =< + ++ ++ 
Vegetables and Fruits: 
@abbawe, freshen (rave) earcr iss sudee = clepiels sees ++ + +++ 
Cabbage, treshe (cooled entero iairaimict clers oir] pos cforneiaes/ale'e + ae 
Gabbare pdriedias. cc. ole aetichelosierieivine st rysiens + + very slight 
(Gp tpiaey Gan Clb anane tee coon ance. coScdee bl lopteder secoo™ |\opuob oon one very slight 
Swede (rutabaga) raw expressed juice........| .--..---eee2 | vee e eee e eens +++ 
Lettuce. ..:.-.----- cer sssserceees ++ + 
Spinach (dried)..... Aa ++ ae 
Carrots, fresh raw.....-- +. de ak 
Carrots: dried.:......... spac very slight 
Beetroot, raw, expressed juice...........--+-| ee--- eee eee | cee eee ee eeee less than + 
Potaboes La We saci ree eee ein eis oetele eae etS aia a + 
Patataes cooked same amie as cieriertes ire seal aire lesece lahore aya et elovsisleiaial> «#66 + 
Beans, fresh, scarlet runners, TAW.......--.--| -. eevee e eee | cee eee eres + ) 
Oniionss Cooled peti erected eect cinta eine | otelayes a forecnlel ovale) ||) sreeysieizce ie + + at least 
Temion juices trest see er terete creole sor in-e,|| laietnie=imralarolajslm all ve wlleiseieieleele : ++ 
Lemon juice, preserved.......--+--ee eee eee] cece cece eee | cece eee tees ++ 
Time juice mireshiee lee et oey-aleyl eyelets sill Cielo tae mp eae oles = + Fr x 
Time juice, preserved........-2--e2+2e- eee] eee eee eees | teee ee terres very slight 
Orange juice, fresh....-2...-2-20+-seeeec ese] veces ecce cee | Seer eee e ees +++ 
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Cuart 8.—Continued. 
Doh LE SS BE Eee eee een 


Fat-soluble A | Water-solu- : 
or anti- ble B or anti- Antiscor- 
Classes of foodstuff rachitic neuritic (an- butic 
factor tiberiberi) factor 
factor 
Reis DDEETICS EV sett ore ree ectrade et onc go suatere ote Rharaited|l Mog eles 70! Shakes one Mkts ecaihgVolauel aia +4 
FN 0% 0 (2S, bcc) SERA 5h DA ee Aten A ERR sO ERA MC eR Onc SI UG |e nosy Tac OE Bc, aay 
Bananas mee Ve menient ton. aces. oon a= “i very slight 
EROMBLOCS (CANIM yah um niet ots arsre s2acd is ane" cc cseioie ||| Neuere s ous jettee “a allan |) sites oka o tiene Tete at 
LEE SE 8g ARG Caen ee Ritts Spee a oF ape 
Miscellaneous: 
PYGHA UR CETOC ye HAA tee scabies hice ee TOES || acaane late evoetensne ++4+ 
Yeast, extract and autolyzed...............- ? at ata 
Pal itextractse sco ce ccs cet reierectrereeteee OI arte rs lero ey Iota + in some 
specimens 


None es the three factors were found in: 

Ove: cottonseed, cocoanut ‘or linseed oils. 

Cocoa butter. 

Hardened fats, animal or vegetable in origin. 

Margarin from vegetable fats or lard. 

Cheese from skim milk, 

Polished rice, white wheaten flour, pure corn flour, ete. 

Custard powders, egg substitutes, prepared from cereal products 

Pea flour (kilned) 

Meat extract. 

Beer. 

7. McCollum’s* biological studies have shown that there are 
dietary deficiencies in seeds, tubers, roots, and meat, though they 
are valuable adjuncts in diet, if there is more or less protein, liberal 
amounts of mineral salts and an ample supply of milk, eggs and leafy 
vegetables which contain vitamins; the latter known as ‘Protective 
Foods.” 

A word may be added concerning the ‘“‘Congenial Calorie of the 
Candy Shop.” The boys of Gephart’s study averaged 640 calories 
daily in chocolate bars or sundaes, and the young women of Vassar 
College take 10 per cent. of their nourishment in calories derived from 
such sources. Sugar is used in large quantities by lumbermen and 
others whose physical exercise is excessive.t Nuts, often used in 
candies, provide valuable protein, fat and iron—especially the peanut, 
almond, brazil nut and hazel nut. Sweets, however, must take a 
very secondary place in diet; otherwise, on account of their palatability 
they will supersede the more vital foods from which protein and the 
other basic substances are derived. Children should be allowed to 
eat candy only after meals. 

8. ‘The free use of water is extremely essential as an aid to prompt 
“evacuation of the undigested residue from the intestine before exten- 
sive absorption of products of bacterial decomposition of proteins can 
take place” (McCollum).t 


* The Newer Knowledge of Nutrition.” 
- t Beditorial, J. A. M. A., xxi, No. 17 (Oct. 26, 1918), p. 1410, and ibid., Ixxi; No 
iD; 2 bah 


{ Koessler, Karl K., Studies on Proteinogeno Ami ‘ 
Chemistry, XXxix, No. 3 (1919), penous: Amained Ther) Cues obsiet. 
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Holt regards a child as malnourished if 10 per cent. below weight 
for height from 6 to 10 years, and if 12 per cent. below from 11 to 16 
years. The annual rate of increase he believes to be an even more 
important guide. (See table, p. 928.) Nutrition figures for the 1,000,- 
000 school children of New York City show that 173,000 are normal, 
611,000 passable, and 216,000 (or 21 per cent.) seriously under nour- 
ished. Dr. Thomas D. Wood estimates that from 15 to 25 per cent. 
of the school children of the United States are undernourished. This 
is important in view of the fact that malnourished individuals under 
the age of 30 show a much poorer life expectancy than those who are 
normal or overnourished, and school progress is also shown to depend 
to a certain extent upon nutrition.* The malnourished child is not 
always underweight; therefore, in this connection it is necessary to 
take into consideration the firmness and flabbiness of muscle tissue, 
the color of the skin and mucous membranes, the alertness or dulness 
of facial expression, indications of natural curiosity and power of 
concentration, the state of the disposition as to timidity, irritability, 
restlessness, the character of sleep, and the attitude toward food.t 

The causes of malnutrition are faulty health habits, acute disease, 
physical defects, especially enlarged or infected tonsils, adenoids, 
deviated septa and sinus infection, chronic otitis media, carious teeth, 
eye-strain, syphilis, tuberculosis, chronic overfatigue; nervous excite- 
ment in or out of school due to examinations, too much home work, 
movies, too many outside activities—either mental or social—worry, 
too little outdoor activity, too little sleep, faulty dietary habits, 7.e., 
tea and coffee, rapid eating, candy and sweets in too large quantities 
and taken either between meals or before meals, and the substitution 
of “cakes” for bread which, with coffee, forms the breakfast of the 
children of many ignorant and poor parents. It has been shown that 
while poverty is doubtless a cause, parental ignorance and shiftlessness 
are much larger contributing factors. 

Dr. W. R. P. Emerson of Boston has given nutritional work a 
great impetus by means of nutritional clinics organized both in and 
out of public schools in Massachusetts, Illinois, New Hampshire, 
Rhode Island, New York, Pennsylvania, Tennessee, Georgia, Wisconsin, 
Kentucky, Michigan, Ohio, and Montreal, Canada, California, 
Colorado, Indiana, Iowa, Alabama, Honolulu, Labrador. Each child 
is weighed and measured weekly, and is provided with a large chart on 
which the normal height-weight coefficient curve is drawn. In 
some of, the public schools of Chicago the height and weight for age 
curve is also presented (Fig. 246). Various devices—gold stars, red 
stars, different colored numerals, etc.—are used in grading the children, 
and are pasted on their charts to indicate the amount of rest, the 

*Blanton, Smiley, Mental and Nervous Changes in the Children of the Volk- 
schulen of Trier, Germany, Caused by Malnutrition, Mental Hygiene, i, No. 3 
Bayes Pte Lydia, What is Malnutrition? U. 8. Dept. of Labor, Children’s 
Bureau Publication, No. 59. 
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Grade_@ A ___ Physical Defects Corrected Coaperaticn 
ing eee iE ETE 12720 Tenalllect omy. = 
Underweight 8.4 Kg.22 Per Cent. care 
Average Height for Age_/.£2.) Cm. rae 
Average Weight for Age_#5./ Kg. Peveind Meee 
Average Weight for Height 142 Kg. 


Fic. 246.—The diagonal straight and irregular lines across the body of the 
chart register weight increase. The thermometer at the lower right hand corner 
registers height increase. The broken line at the left of the thermometer indicates 
the average height for age and corresponds to the line across the body of the chart 
indicating average weight. The shorter solid line in the center of the thermometer 
indicates actual height increase corresponding to the irregular curve across the 
chart which registers actual weight increase. The employment certificate stand- 
ard for weight is registered across the chart, that for height in the thermometer not 
being given. This thermometer is so graphic that it strongly appeals to the child. 
Molesworth’s ‘Metric Tables” is a convenient and inexpensive little book which 


those working with kilograms and pounds, centimeters and inches will find 
invaluable. 
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highest weekly gain, etc. All of these devices are great incentives to 
children, and are producing remarkable results. Miss Roberts empha- 
sizes the necessity of visits to the homes in the most aggravated of 
their clinic cases, as it is sometimes necessary to train the mothers 
“Line upon line, precept upon precept” in order to gain permanent 
results. She also provides each child with a daily record sheet on 
which the child notes his bed time, rising time, hours of sleep, open 
windows, use of tooth brush, hours out of doors, baths, milk, potato, 
other vegetables, fruit, meat, egg or fish, iron foods, food taken between 
meals, and coffee or tea. 

The following articles will be found of use as guides in work of this 
kind :* 

Caloric Estimation—The correct method of reaching an accurate 
estimate of the caloric value of food, which the child actually eats 
per day, is to make a tabulated list of the articles of food eaten, 
stating the exact amount taken for breakfast, lunch, dinner and 
“between times,” for two successive days so as to obtain an average 
per day. Data for this estimation are found in Table 19. Compare 
the total eaten with the total actually required per day, the latter 
estimated by multiplying the subject’s proper weight for his height and 
age by the proper number of calories per pound for his age (Table 18). 

Mrs. Rose gives the following dietary for a child of 8 to 10 years 
Breakfast (7-7 :30 a.m.): A mild fruit, well-cooked cereal, dry toast 
or stale bread, butter and milk. Dinner (12-12:30 p.m.): A soft- 
cooked egg, or small portion of fish, lamb, chicken or bacon, potatoes 
or rice, watery cooked vegetable, milk, bread, butter or jelly, nutri- 
tious pudding or stewed fruit, and plain cake. Supper (5 :30-6 
p.m.): Cream soup or milk toast, or rice and milk, or baked potato, 
milk to drink, bread, nutritious pudding. A total of 1,700 to 2,000 
calories. 

*Rich, Katherine B., Nutritional Work in Public Schools, J. A. M. A., Ixxv, 
(Nov. 27, 1920). : 

Rich, K. B., Nutritional Work in Public Schools, ibid., Ixxvi, No. 15 (April 9, 
<a Maud A., A Study of Malnutrition of School Children, ibid., Ixxv, 


No. 1 (July 3, 1920), p. 27. ; 
t Rose, Mrs. Mary Swartz, ‘‘Feeding the Family.”’ 
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SCHOOL LUNCHES 


In the United States school lunches usually consist of milk and 
crackers, or cocoa and crackers at 10 o’clock; and at noon some hot 
dish to supplement a cold lunch brought from home. 


* 
Werexkty Menu in Scuoou witH Penny Luncues AND Five-cent Noon DINNER 


Monday: (1) Baked: beans:andinollga enemies e- -ttee 5¢ 
(2) Cocoa:or milk(ee eer poe = a Ss ee 2¢ 
Crackers. or 1¢é. crea menses te son tee eee 1¢ 
Tuesday: (1) Vegetable: soupsandirollits =. 3) =. weer eee 5¢ 
(2) Same choice as Monday. 
Wednesday: (1) Creamed beef on toast and roll.................. 5¢ 
(2) See Monday. 
Dates saspoc trae cece nis Behe pan «ions Ce eee 1¢ 
Thursday: (1) Macaroni with tomato sauce and roll............. 5¢ 
(2) See Monday. 
JR BANC WHEN Sacer: oslo eke Pe Se 1¢ 
Friday: (1)s Creamed seimon:andiroll :.2.oa,.. eee eee 5¢ 


(2) See Monday. 
(This provides one-third of a child’s daily ration.) 


In open air or pretubercular schoolst food furnished in school — 
during the day consists of the following, with equivalent variations: 

One cup of milk at 10 a.m. and 3 p.m. Lunch: Beef loaf with 
tomato sauce, potatoes, apricots, bread and milk. Creamed eggs, . 
potatoes, or lettuce or spinach, raisins, bread and milk. This 
provides one-half of a child’s daily ration. 

The school lunch box may contain: sandwiches, fruit, simple cake 
or cookies. Milk or mild cocoa, or hot soup should be provided by 
the school. The equipment for school lunches amounts to approxi- 
mately $500. In large schools it is necessary to have a cook andan 
assistant who supervises the older school children who serve atthe 
counter. New York City has a central kitchen plan from which food — 
is distributed to every four or five schools.t Their estimates show that 
this plan saves 1949 of a cent in food and two mills per child in labor, 
supervision and transportation, which is to be considered in a large 
system. | 

Helpful monographs can be secured from: 


Dietetic Bureau, 46 Cornhill, Boston, Mass. 

The School Luncheon, Oregon Agricultural College, Corvallis, Oregon. 

Diet for the School Child, Child Health Organization, 156 Fifth Ave., New York. 
The Rural School Lunch, University of Illinois, Urbana, Il. 


The Box Luncheon, N. Y. State College of Agriculture at Cornell University, 
Ithaca, N. Y., ii, No. 43. 


* Rose, Mrs. M. S., “Feeding the Family.” 
{See Elizabeth McCormick Fund, Chicago. 


t Brown, E. F., Feeding School Children in New York City, The Journal of 
Home Economics (March, 1915), p. 119. 
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School Lunches, U. 8. Dept. of Agriculture, Farmers’ Bulletin No. (AIP, 

Domestic Science in Rural Schools, Minnesota Farmers’ Library, University 

Farms, St. Paul, Minn., Extension Bulletin No. 19. 

Adele 8. Jaffa, A Standard Dietary for an Orphanage, State Board of Charities 

and Corrections, California. 

School Lunches in Philadelphia, School Lunch Committee, 1505 Land Title Bldg., 
Philadelphia. 

Commission on Milk Standards, U. S. Public Health Service, Washington Reprint, 
No. 386 from Public Health Reports. 

Germ Content of Milk, University of Illinois, Agricultural Experiment Station, 
Bulletin No. 204, Urbana, II. 

A most excellent guide is Mrs. Mary Swartz Rose, ‘Feeding the Family.” 


RESPIRATORY DETERMINATION 
Chest measurements should be made just above the nipple during 


forced inspiration, forced expiration, and ordinary breathing. 


TaBLe 20.—CuHEst Expansion (DUNFERMLINE, ScoTLAND, 1906-1910) 


Age Number examined Expansion (inches) 
7 50 1.94 
8 170 2.14 
9 211 2.26 
10 214 2.55 
11 236 2.59 
12 ; 238 2.23 
13 212 3.09 
14 28 3.35 


Lung capacity is measured by the spirometer, preferably of the wet 
type, fitted with detachable wooden mouthpiece. For methods of 
use see ‘Manual of Mental and Physical Tests’’—Whipple. 


TaBLe 21.—Norms or VitaL Capacity (SMEDLEY) 
Boys, Girls, Boys, Girls, 
Age centimeters | centimeters Age centimeters | centimeters 
| I 
6 1023 950 i 2108 1827 
H iar 1168 1061 14 2395 2014 
8 1316 1165 15 2697 2168 
9 1469 1286 16 3120 2266 
10 1603 1409 iN7e 3483 2319 
12 1883 1664 18 3655 2343 


aa 
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VITAL INDEX 


The relation of vital capacity to weight has been estimated both on _ 
a basis of pounds and of kilograms. In either case, the vital index is 
the result of dividing the vital capacity in cubic centimeters by the 
weight and represents the number of cubic centimeters of air space in 
the lungs for each kilogram or pound of body weight. This ratio 
shows whether the pupil has a lung capacity adequate for his body. 

The following table from Kotelmann shows V. C. based on kilo- 
grams: 

Cm. of air space in the lungs for each kgm. of weight: 


TABLE 22 
INGO Mak srorcie eos rats 9 10 11 12 13 14 
69.32 69.37 69.18 - 67.51 66.75 64.07 
BGO. St Meets Gk 15 16 lige 18 19 20 


63.18 65.94 65577 64.28 66.22 65.01 
The following table taken from Smedley shows V. C. based on 
pounds: 


TABLE 23 
PAGE ciety herson eons ee 67 8 O° A0 i 12S 1 ee Oe ees 
IBOVSs aasdciccier eerrehon es 9324-2595 405 25 25 25 25 Zhe cone oes Gee a 
Girls sss Petes eiere ees 22 24 23 23 23 23 22 21 20 20 20 20 20 


The above table was secured by using Smedley’s norms of weight 
(Table 24) and vital capacity in table 22 and computing the vital index 
in terms of the number of cubic centimeters of air capacity per pound 
by weight, by converting the weight in kilograms to pounds and dividing 
this weight in pounds into the V. C. It will be noticed that girls show 
a falling off after the age of 11. This may be due to tight lacing 
which was in vogue at the time these tables were compiled. The 
first horizontal column gives the age, underneath is given the V. C. 
for boys and girls. 


Taste 24.—Norms oF WEIGHT IN Ka. With CLotaine (SMEDLEY) 


Age Boys Girls Age | Boys Girls 
6 19.738 18.870 13 38.084 | 38.974 
7 21.613 20.974 14 42.696 | 44.219 
8 23.817 23.010 15 47.993 ' 48.161 
9 26 . 336 25.257 16 53-.238 50.652 
10 28.707 27.795 17 57.384 52.386 
11 31.223 30.662 18 61.283 52.923 
12 34.151 34..373 


Taken from ‘‘The Examination of School Children.” Pyle. 
DYNAMOMETRIC DETERMINATION 


Strength of Grip—The dynamometer is used for testing strength 
of grip. 
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Taste 25.—NorMs ror STRENGTH or Grip (SMEDLEY) 


Boys Girls 
Age 
Right hand | Left hand Right hand Left hand 

6 9.21 8.48 8.36 (ale! 

7 10.74 10.11 9.88 9.24 

8 12.41 11.67 11.16 10.48 

9 14.34 13.47 12:77 11.97 
10 16.52 15.59 14.65 13242 
Lt 18.85 1b oe 16.54 15.52 
12 12.24 19.71 18.92 17.78 
13 24.44 22.51 21.84 20.39 
14 28.42 26522 24.79 22.92 
15 33.39 30.88 27.00 24.92 
16 39.37 36.39 28.70 26.56 
Lye 44.74 40.96 29.56 27.43 
18 49 .28 45.01 29.75 27 .66 


The results of testing with both the spirometer and the dynamo- 
meter are frequently unreliable. To overcome as far as possible the 
physical discomfort which accompanies the use of the dynamometer 
it is an advantage to work with groups, so that the element of rivalry 
may enter in to counter-balance the discomfort. 

For tests of endurance with the ergograph see Whipple. 

Mrs. Woolley, of Cincinnati, finds that all these tests correlate 
directly with mental defects, as do Christopher and Smedley (see 
Whipple), — 


LENGTH OF LEGS 


The legs should be measured from. the anterior superior spine of the 
ilium to the internal malleolus. If there is a difference of more than 
1 cm. between them and if the patient does not limp, the shoe of the 
shorter leg should be built up to compensate for it. 


THE HEART. THE PULSE 


The physical examinations of 250,000 school children in New York 
City during the year 1918 showed an incidence of 1.6 per cent. of 
heart defects. 

The causes of organic disease of the heart under the age of 30 are 
focal infections, usually of the tonsils, teeth or adenoids. The impor- 
tance of such lesions in relation to the heart is shown by the statistics 
of Dr. Lambert of Bellevue Hospital, who found that 65 per cent. of 
their cases of rheumatism showed infected or carious teeth, and 35 
per cent. showed infected tonsils: infected teeth apparently producing 

Vou, I—60 
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the higher incidence. Beginning with 1914 there appeared a diminu- 
tion in both the total number and the ratio to total number of all 
cardiac lesions entering the hospital.* This improvement he traces 
to the dental clinics and children’s nose and throat clinics, which have 
been ridding children of etiologic infections. High tenement houses 
are also given as a cause, though they are not a factor in most American 
and continental cities. 

The relative size of the heart is greater in children than in adults. 
It is relatively smallest about the seventh year; at this age the heart, 
which has been relatively larger than the blood vessels, begins to be 
relatively smaller, and this factor, with others mentioned (p. 922), 
diminishes the child’s vigor at this period. . 

The weight of the heart at different ages is as follows (Boyd): 


TABLE 26 

AGE GRAMS 
At, birth at.) eee noel oa oo ee os oe eee 20.6 
Loy yeatsd de =: tee Bos.) tose ei Re Se ee 44.5 
SP AV CATS 34: maa Mee eds aso BM eee Cee 60.2 
DG Years ce Oa oe a a oe ee 72.8 
LOLS uy Cars Shoo no pee Mewes ate shone: ova ae ee 122.6 
VOSS Y CATS Se: OPO Ee ET Oe FUL OO SG Pe eee 233). 7 


The anatomical differences of the child’s heart as compared with 
the adult’s are: 

1. It lies more horizontally in the chest. I 

2. As the diaphragm is higher, the position of the heart is higher. 

The following pulse rates have been found in 1,000 cases (Fischer) 


TaBLE 27 
Irth I es Vee, oe ee 130 to 140 
Firat year: Mien osnac tee Claes & Ba ays Tee ae 115 to 130 
Necindiyear Tikit Baa Pet ae is 100 to 115 - 
And CRBS nance ates carina paid eda a. ee 90 to 100 
Seventh ytabicwe ca pemeetininghs ductotls bya eee 86 to 96 
Fourteenth yest Mik ct iptacte oc) Seg nn 84 to 94 


Dr. J. B. Herrick calls attention to a natural arrhythmia ocecasion- 
ally found among normal children at this age, which is characterized 
by a variation in the pulse brought about by respiration. It may be 
rapid with inspiration, and slow with expiration, and resemble a patho- 
logical condition. He has found that physicians sometimes keep 
these children in bed for this reason, when the condition is wholly 
physiologic and should be in the main ignored. Vital capacity has a 
probable relation. Heart murmurs are not infrequently found in 
children with normal hearts, the hemic murmur as is well known not 
being transmitted to the left of the mammary line. The most impor- 
tant general indications of overstrain are dyspnea, cyanosis, edema, 
palpitation, ete. 

*Connor, Lewis A., Discussion: Heart Disease as a Public Health Problem 
Jour. A. M. A., Ixxiv, No. 23 (June 5, 1920), p. 1566. f 
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A study has been made of blood pressure and pulse rate in relation 
to. exercise in normal children, which shows that exercise tolerance 
cannot be determined from the pulse rate as it frequently falls to 
normal within normal time limits, though there are marked evidences 
of overstimulation of the heart. Blood pressure is a much more 
constant indicator. If the heart is overtaxed there is an increased’ 
rise, a delayed rise and summit, and prolonged fall.* Research on the 
physiology of the heart shows that physical work stimulates. the 
activity of the normal heart, as shown by the increase in rate or in 
strength of beat or both. With this occurs constriction of the splanch- 
nic vessels and the two factors, acting together, increase the blood 
pressure. This, in turn, augments the flow of blood through the coro- 
nary arteries, thus maintaining the nutrition of the stimulated heart. 
This increase of blood flow develops contractility in the heart muscle 
fibers and, in this way, produces reserve power. The hearts of normal 
children have been tested with the following exercises :} 

1. Swinging two iron dumb-bells (2, 3, 4, 5, 7 and 10 pounds each) 
from the floor to the full stretch of arms overhead and back again 
between the legs at a constant rate of two seconds for each swing, the. 
movements being repeated from 20 to 40 times to increase the amount 
of work. 

2. Stair climbing: Two and four flights of stairs with a total rise 
. of 15 and 30 feet respectively taken in from 10 to 40 seconds. 

3. Jumping rope: Rope was jumped 100 times in 100 seconds: 
The table below indicates the normal range and reactions to these tests: 


TABLE 28.—STANDARDIZED Test EXERCISES 


_—.e SSS 
= c) Normal range 
£3 
aa = 
- 5 & Simple or mild Average Severe or strenuous 
eS 
Test exercises Ze = et = 
oa | 83 aes es 
> I be ar -~ a2 r u 2 - & H ra So 4 a 
c®| 84/22) g2/ 22/22) g5| $4) 22] os 
ee} 85|/88| 28/88/33) 28) 28) 32) 2a 
5 =) © 2 ae ES Saas! I 
| &/ 53 |p A Z Bl) yo] pA = ES) 5D) pA - 5B 
Dumb-bell test: 
Swinging two iron| 6 8 Zz 3 10 2 3 20 2 3 30 
dumb-bells from the| ..... 2 4 10 2 4 20 2 4 30 
floor to full stretch 2 
of arms overhead | 8-12 2 4 10 2 4 20 2 4 30 
and backwards be-| ..... 2 5 10 2 5 20 2 5 30 
tween the legs at a 
constant rate of two| 12-15) 2 5 10 2 5 20 2 5 30 
seconds for each! ..... 2 7 10 2 7 20 2 7 30 
Bwinws oot MP Gat tance 2 10 10 2 10 20 2 20 20 


* Barringer, T. B., Jr., Principles Underlying the Treatment of Heart Disease 
by Exercise, Jour. A.-M. A., Ixxvii, No. 1 (July 2, 1921), p. 9. : 

1 Exercise Tolerance of Children with Heart Disease, Jour. A. M. A., lxxvi, No. 
24 (June 11, 1921), p. 1629. 
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Lol J 
oa ro) 
a ° 3 a 3 a ke 3S n 
peyga| = | 8/22) 2.) eee e ee 
ee za GS = oo g ao is C3) ° g Ta a oO g 
a (Sei € | ES) Sat 8 | 8 Slee a eee ce 
Shee ee | olla ee lee a |e 
Staircase test: 

Stairs taken at a 

steady climb with- 

Out restents sees oF 6-14 2 15 40 4 30 40 4 30 20m 
re et ee ae Se ee ees 
IE ee eae ee ee ee ee ee 

Reaction of average normal children 

following test exercises 

To the To the To the 

mild test average test | severe test 

exercise exercise exercise 
Color of Tace: (hushed ie nar. < serette co 5 oie is oie aiace te aaneteee i lotcpater a ereeetems + ++ 
Degreeoldlyapieds chi as stree + soa ee ates teheyatane icfeletsre rel] etait eaten + ++ 
Degres.of fatigued. 225. feansicsar aides plowa mee eel vate ee oe eee + 
Rise of systolic blood pressure................++-+-++ 10-15 mm. 20-30 mm. | 30-40 mm. 
Type dfayatoliaicurve. th ati i okt oes Normal | Normal Normal 


Further studies showed that if there were not cardiac insufficiency, 
69 per cent. had a normal tolerance for the above standardized test 
exercises, 29 per cent. had a fair tolerance and 2 per cent. had a poor 
tolerance. 

Diseased hearts in school children can be benefited by proper 
exercise which can now be guided by the norms. Barringer classified 
exercise as energetic and mild. In the energetic type the working 
periods are short and alternated with periods of rest. These exercises 
should be carefully prescribed, and consist of ‘exercise with dumb- 
bells, stair climbing, skipping rope, running in place, hopping, and all 
calisthenic exercises in which the body trunk is moved widely.” After 
each period the patient rests until blood pressure and pulse return 
to normal. The periods are repeated from 5 to 10 times at each ~ 
exercise period, which is generally once in 24 hours. 

“The mild form of exercise is one which stimulates the heart 
activity only moderately over long periods of time as shown by the 
small increases in blood pressure subsequent to the exercise.”’ Walk- 
ing, setting up exercises, in which the arms and legs and not the trunk 
are moved, are recommended. 

The first public attempt to relieve the social difficulties of heart 
patients occurred in New York City in 1912, when a heart clinic was 
established. Since then other clinics and institutions of like nature 
have been established elsewhere. Hospital social service workers or 
nurses in coéperation with the physician in charge combine in following 
up these cases into their homes where they see that they have proper care, 
or they find suitable homes for them in the country. They also make 
special arrangements for them in the school in regard to stair climbing 
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‘and see that physical defects areremoved. Cardiac groups are supplied 
with a 5 or 10 cent lunch followed by rest of one hour. They continue 
at school work until 3 o’clock when the work becomes distinetly 
recreational and vocational. They remain until 4:30 or 5 p.m. Tem- 
perature and pulse are recorded every morning so that exercise may 
be avoided for children if fever is present and a quiet rest room is 
provided for children with fever or showing unusual fatigue. The 
social worker instructs the parents, watches the child’s nutrition, 
home recreation, habits, clothing, etc., so as to avoid further strain 
or infection. The school provides suitable graduated exercise.* 

Children with heart disease are not handicapped mentally, it is 
therefore with their minds that they can earn their bread with least 
harm to themselves, and they should for that reason be given every 
opportunity for mental development that will produce practical results. 
An excellent study of the physiological factors in heart action has been 
made. - 


BLOOD PRESSURE 
Blood pressure is of relatively little value in children, except as an 


indication of vigor. Blood pressure findings in children, according 
to weight, are as follows: 


TaBLe 29 
SUA DOU OS acetatenacnt cred sae er rnc are teins - Sawiery skal cic tmors 95 
AA) ae) DO ULTNG S eee ete eR Se enn a MAreh ine Aauhi sighs oad 100 
D0= 60 POUNndsanty eee ee em ee ee eae eked Has a 107 
60210, POUNGE pare a rr USI ics ene tal ae NE 112 
2022. 30 HOS wee ere torres ae. eh eee | Fen seed E 116 
80-490) pounGatetee = ee me ker me Me sciat ain ts, da eet ccrnis Ma teortiae 122 
OO = LOO FO UT dsb = suet geen tal tian aks cov coal bray Says lore ce wants 126 


Blood pressure as a test of vasomotor efficiency may be of value 
for delicate children with or without evident heart trouble. 

C. Ward Crampton} makes the following statement, in regard to 
late adolescents which may or may not be significant in children but 
should be taken into consideration: ‘‘In the perfectly normal vigorous 
male the blood pressure will rise from 8 to 10 mm. of mercury upon 
assuming the standing position. In one damaged by disease, overwork 
or unhygienic living, or weakened by inactivity, the blood pressure 
will fail to rise, and may fall as much as 10 mm. of mercury. The 
heart rate acts in exactly the opposite fashion, rising in proportion 
to weakness as much as 45 beats a minute, but only in exceptional 
cases falling. These two adjustments are independent, one often 
masking the failure of the other, and both must be considered and 
balanced. If blood pressure were alone considered, many cases show- 
ing a high heart rate would be given a good rating when it should be 
poor, and vice versa.”’ 

* Halsey, R. H., Heart Disease in Children of School Age, Jour. A. M. A., 


xxvii, No. 9 (Aug. 27, 1921), p. 672. ’ ; 
{ Blood Ptosis—A Test of Vasomotor Efficiency, 4th I. C. on School Hygiene, 
v,p. 555. rlint ® 
c Cinnoelr C. Macfie, ‘‘The Réle Instinct, Motion and Personality in Disorders 
of the Heart.” Jour. A. M. A., Nov. 16, 1918, 71, pp. 1621-1626. 
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.- The usual range of the systolic pressure is from +10 to =10; of 
the heart rate increase from 0 to 44. Upon a statistical balancing of 
these two series we have a: 


TABLE 30.—PERcENTAGE ScaLE or VasomoToR TONE 
(C. Warp Crampton, M. D.) 


Heart rate Blood pressure 
/ : 
Increase Increase | Decrease 

+10) =-8 | =-67) --4 |. +2 0}; —2| —4]} —6]| —8 | —10 

0- 4 100 95 90 85 80 75 70 65 60 55 50 

5- 8 95 90 85 80 7p5 70 65 60 55 50 45 

9-12 90 85 80 Te ueieZO 65 60 55 50 45 40 

13-16 85 SO 70 65 60 55 50 45 40 aY9 

17-20 80 Ths 70 65 60 55 50 45 40 35 30 

21-24 75 70 65 60 55 50 45 40 35 30 25 

We Q5-2Bo< 70 65 60 55 50 45 40 35 30 25 20 
1: 29-32 65 60 55 50 45 40 35 30 2 20. iy 

33-36 60 55 50 45 40 35 30 25 20 15 10 

37-40 55 50 45 40 35 30 25 20 15 10 5 

41-44 50 45 40 35 30 25 20 15 10 5 0 


Note: In case of increase in pressure higher than +10, add 5 per 
cent. to the +10 column for each 2 mm. in excess of 10. 

The 100 mark indicates a perfectly efficient working of the vaso- 
motor system under test, the 0 is approximately the point where the 
average person is unable to maintain the erect posture. The technique 
of the test is as follows: 

The sphygmomanometer is adjusted over the brachial artery and 
the patient is placed on a comfortable couch with a low pillow. The 
heart rate is counted by quarter minutes, and a gradually decreasing 
rate is usually observed. Counting should be continued until two 
successive quarter minutes are the same. This is multiplied by four 
and recorded. The systolic pressure is then taken, preferably by 
auscultation. The patient stands, the heart rate is counted as before 
until it reaches the ‘‘standing normal,” when it is recorded, and the 
blood: pressure is then taken. The differences are calculated, and 
reference is made to the seale. For example: Case L.V., age 17 years, 
claims to be in good condition at 11:20 a.m., but was coming down with 
‘cold and fever.” 


PuLsE Bioop 
\ Rate PRESSURE 
Aforigonttal. Tess. Pod ee eae 68 100 
DO UUIE Bl tee << acu, Sh aM aaa eee te BEL a 104 94 
dDefterenioes:, (020. 2212 Se a ortt dg 86. ery 


Percentage 20—very low. 
The following is a typical record: 
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TaBLeE 31 
: Pulse Blood Per- 
T f 
Zo rate pressure | centage ayaa 
9:45 a.m. 0 +10 100 Slept well, no exercise. 
10:45 a.m. 0 + 4 85 After lesson in physics, standing. 
11:50 a.m. 8 +10 95 After lesson in algebra. 
12:24 a.m. 5 + 6 85 After lesson in French. 
1:10 p.m. 6 aie es 90 After lunch and rest. 
2:00 p.m. 14 a iS 80 After history lesson. 
2:35 p.m. 16 + 4 70 After slow one-mile run. 


This shows that one period of work in the physics laboratory (which 
required continued standing) was more expensive than a slow mile 
run; it also shows the importance of considering both heart rate and 
blood pressure. This test has been used to test the amount of relaxa- 
tion of vaso-tone resulting from various forms of physical exercise, 
and shows clearly that exercise is expensive in the matter of nervous 
energy and should be followed by rest and recuperation. It will not 
test heart lesions, will power, inhibition, or skill, but it does provide a 
means of making a definite record of an all-important bodily function. 

See article on the “Heart,” p. 947. 


ANEMIA 


The formed elements in the blood of children differ from those of 
adults in number, hemoglobin and in percentage. Red blood cor- 
puscles in infants vary from 4,200,000 to 6,500,000 per cubic millimeter. 
In later childhood the normal erythrocyte count is from 4,000,000 to 
4,500,000. Leukocytes average about 9,000 in children after infancy. 
Hemoglobin is relatively high at birth, but in later infancy decreases 
markedly. As the child grows toward the age of school entrance, and 
afterward, the hemoglobin content gradually increases. Hemoglobin 
studies of large numbers of children made with a reliable hemoglobin- 
ometer such as the Dare are not to be found, but it may be said in general 
that normal limits are from 60 in early childhood to 80 at the prepu- 
bertal period. 

The following are the classes of anemia found in children: 
(a) Primary; chlorosis, probably (Fischer, ‘Diseases of Infancy and 
Childhood”), leukemia. (6) Secondary; Simple anemia, the pseudo- 
leukemic anemia of infancy (von Jaksch), pernicious anemia. Alimen- 
tary anemia* may or may not be a primary blood disease. 

* Kleinschmidt, H., Uber Alimentarie Andmie und ihr Stellung unter den 
Andmien des Kindes Alters, Jahrb f. Kinderheilkunde, N. F. 83, Heft 8 (Feb. 
14, 1916), p. 27; ibid. (Marz, 1916), p. 221. . 

¢ For a discussion of the graver blood diseases of children see A. Clodius, 
Zur Frage der Anaimien des Kindesalters, Monatschrift fir Kinderheilkinde, Bd, 


415, Nr..2, p, 111. 
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TABLE 32 
Age wile eae Erythrocytes Leukocytes Hemoglobin 
secondary 
Simple anemia. .| All ages Secondary | Moderately re-| Normal to 50,- Moderately and 
duced 000 (acute in-/| proportionately 
fectious dis-| reduced 
eases), depend- 
, ing on cause 
Chlorosis....... At or after | Primary Moderately re-|] Normal_. or/ Color index low 
puberty duced slightly in- 
creased 
Leukemia....... All ages Primary Greatly reduced | Enormous in-| Reduced in pro- 
crease (myelo-}| portion to ery- 
cytes) throcytes I 
Alimentary ane- | Under 514 Primary or} Very much re-| Slightly in-| Decreased 
mia or infec-| years secondary duced. Usu-| creased Sometimes color 
tious anemia ally another index low 
type in which 
erythrocytes 
are increased, |’ 
poikelocytosis, 


etc 
Pernicious ane-| All ages. Rare | Secondary Greatly reduced | Increase slight | Low. Color in- 


mia in child-| (probably) dex high 
hood 
Pseudoleukemic | Under school | Secondary | Greatly reduced | G reatly in- | Greatly reduced 
anemia of in-| age creased 
fancy (von 
Jaksch) 


SES ERIED WORE. SAN EASES SEO WAS 

Even simple anemia and chlorosis may be accompanied by slight 
enlargement of the liver or spleen. In splenic leukemia, and in anemia- 
pseudoleukemia, the spleen is enorniously increased in size. It is 
also much increased in size in pernicious anemia. In alimentary 
anemia it is usually enlarged in proportion to the severity of the 
disease. 

Etiology.—The causes of anemia are acute infectious diseases, 
especially typhoid fever, influenza, scarlet fever, measles and whooping 
cough ;* infections of the bronchial tubes and upper respiratory tract; 
chronic infections (syphilis, tuberculosis, exudative or strumous 
diathesis, chronic focal infections particularly infected adenoids, 
tonsils, teeth, etc.); diseases primarily affecting the blood ; scurvy, 
malaria, intestinal parasites (hookworm and other forms of helmin- 
thiasis); intoxication from chronic constipation; sensory irritation of 
the skin (scabies, pediculosis, eczema, chronic urticaria, enuresis). 
All of these sensory disturbances produce sleeplessness, thus producing 
anemia, as do pain, worry, masturbation, refractive errors, movies, too 
much home work, or difficult school work and too late hours on the 
street. Unhygienic surroundings: lack of sunlight, dampness, over- 
heated rooms, poor ventilation, and food insufficient in the number of 


* Schiff, Er., und Matyas, E., Fortlaufende Untersuchungen tiber die Zahl der 


roten Blutkérperchen und den Hemoglobin inhalt des Blutes bei M 
schrift fiir Kinderheilkunde, Bd. 15, Nr. 2 (1918). a TEE Geel 
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calories, insufficient in the content of mineral salts—especially iron and 
calcium— and insufficient in vitamins (see Nutrition). Children who 
come to school habitually without breakfast, or who have had a cold 
breakfast, or who are allowed to drink tea and coffee, or whose food 
is over-refined, are all in danger of anemia. 

Studies of hemoglobin at the School of Education of the University 
of Chicago were made in 1912, and a comparative study of the hemo- 
globin of 100 children in the Jewish Home for the Friendless. ‘The 
children of the School of Education were from homes of comfort or 
luxury; the latter group were all from homes of poverty, a number of 
the mothers being tubercular. In height and weight the well-to-do 
children were supernormal; in height the poor children were subnormal. 
Notwithstanding these differences, the children from the Jewish Home 
averaged 5 per cent. higher in hemoglobin than the children of the 
School of Education. It was thought that there might be a difference 
inrace. Control tests with Jewish children of the School of Education 
were therefore made, but it was found that 60 per cent. of Jewish girls 
and 83 per cent. of Jewish boys in the latter group were below the 
average of hemoglobin for the Jewish School. On the whole, the 
difference, therefore, could be attributed only to a difference in food. 
The well-to-do children were for the most part given bread made of 
finely bolted flour and other denatured foods, while the children in the 
Jewish Home were fed on brown bread and other cheap foods which 
contained large amounts of mineral salts. 

. Baginski also ascribes the cause of chlorosis to the change in the 
relative size of the heart and blood vessels at the age of puberty. 
Clodius* traces the cause of alimentary anemia, and perhaps that 
of pseudoleukemic anemia of infancy to fundamental constitutional 
alteration of the fetus. He has found a significant connection in 
the above diseases between both twins and premature birth. 

Symptoms.—Anemic children show a low per cent. of hemoglobin, 
and pale mucous membranes. Usually the skin is also pale, but as 
children approach puberty, and later in adolescence, there may be 
high color of the cheeks due to a lack of tone of the vasodilators. 
Anemic children are tired and listless, unable to concentrate, irritable 
and sometimes short of breath; they have headaches, and poor or 
capricious appetite; they are frequently constipated; they manifest 
a need for sleep, or they may be over-wakeful. Children with simple 
anemia are usually malnourished, but the more severe anemias are 
sometimes accompanied by a superficial appearance of being well 
nourished. F 

Prognosis.—This depends upon the cause. In constitutional 
anemias only, the prognosis is grave. 

Treatment.—Remove the cause, whether it be a source of chronic 
infection, intestinal parasites, constipation, sensory irritation, lack of 
sufficient sleep, overstrain in school, poor sanitation or improper food. 


* Ibid. 
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Pretubercular and open-window schools which provide half the food 
calories, rest, open air, and freedom from the worry incident to school 
overstrain are the best means of overcoming anemia, Medicinal 
iron in the form of the saccharated carbonate, or the iodide, or with 
strychnine and quinine as an elixir are all beneficial. They should 
always be given with foods containing calcium and iron, as medicinal 
iron seems only to work in the presence of food iron (see Nutrition). 


THE TEETH 


A tooth consists of a crown and root joined by a narrow portion 
called the neck. The crown is exposed; the root is covered by cemen- 
¢um, a substance harder than dentin, resembling bone, which is directly 
in contact with the peridental membrane, this in turn holding it to 
the alveolar process. The outer covering of the crown is enamel, 
an inorganic substance which is very hard and resistant. Underneath 
it lies the dentin—a calcified connective tissue—which forms the body 
of the tooth, and carries in its substance innumerable sensory fibrils 
which, if exposed, convey impressions of pain due to contact with 
cold, heat, sweets, etc. In the center of the tooth is a chamber filled 
with living matter, including the blood vessels and nerves whose 
terminals ramify through the dentin. 

Teeth of the first dentition are irrupted to the end of the second 
year. It is important that they should be preserved in good condition 
until their work is done, 7.e., until the appearance of the teeth of the 
second period. As soon as the teeth are irrupted they are attacked by 
bacteria, and as a result we have the following conditions to combat: 
green stain, caries, toothache, pyorrhea, alveolar abscesses, and finally 
complete loss. 

Etiology.—The mouth is an excellent incubator for microbes, as it 
affords darkness, moisture, heat and food. Many varieties of bacteria 
have been found, but the predominating organisms are the strepto- 
coccus hemolyticus in acute alveolar abscesses, and the streptococcus 
viridans in chronic alveolitis. The latter far outnumber the former. 
Gilmer cites the occurrence of alveolar abscesses in epidemics, and 
suggests that they may or may not be related to epidemics of inflam- 
‘mation of the nose and throat. It is well known that the pneumo- 
coccus is frequently found in alveolar abscesses.* The bacteria do 
not affect the teeth directly, but by decomposing saliva and ingested 
sugars they are able to overcome the resistance of enamel and dentin. 
It is quite well established that the hardness or softness of teeth is 
not of especial importance in determining their predisposition to decay; 
decay depends rather upon the state of acidity of the blood and the 
numbers of bacterial antagonists. j 

* Billings, Frank, Mouth Infection as a Source of Systemic Disease, Jour. 
A. M. A., lxiii, No. 23 (Dec. 5, 1914), p. 2024; and Gilmer, Thomas L., A'Study of 


the Bacteriology of Alveolar Abscess and Infected Root Canals, Jour. A. M. A,, 
Ixiii, No. 23 (Dee. 5, 1914), p. 2023. 
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The Carious Process.—The first step is the formation of the “bac- 
terial plaque,” which is composed of mucin (precipitated on the surface 
of the tooth by lactic acid), of bacteria, and of food debris. If a solu- 
tion of 7 per cent. iodine is painted over the surface of the tooth 
these plaques appear as small dark spots. Decay occurs on surfaces 
and in crevices where there is little friction and in places difficult. to 
reach. In some localities in the mouth, notably near the openings 
of the salivary ducts, there are large accretions of mineral salts mixed 
with mucin and bacterial debris known as tartar. 

Green stain is found at the gum margin and is due to the irritation 

at this point of putrefactive bacteria in combination with mucin and 
the coloring matter of blood. 

Pyorrhea, or gum abscesses, involves the peridental membrane at 
the neck of the tooth, or the gingival margin as it is called. This 
condition is the result of irritating and neglected deposits of tartar, 
of an unhealthy condition produced by poor mouth hygiene, and by 
irritation which results if there is too little healthy vigorous use of the 
jaws in chewing. 

Alveolar abscesses occur at the roots of the teeth and are either 
acute or chronic. When acute they are accompanied by symptoms 
of heat, swelling and pain, with the formation of pus which usually 
discharges, but may subside and become caseous. 

Toothache occurs as a rule simultaneously with decay and alveolar 
abscesses, and is due to the irritation of the sensitive fibrils radiating 
through the dentin. The carious process also advances toward the 
pulp by means of bacteria that travel onward along these same fibrillar 
lines, eventually reaching the pulp over this route. 

The early loss of teeth, under the twelfth year, is serious, as their 
presence is important in the development of a larger jaw and proper 
occlusion. 

Irregularities of the teeth may be manifested either as departures 
from the normal in the shape of the individual tooth, or irregularities 
in position. Of the former we have eroded teeth as the result of 
rickets, or other early nutritional disturbance,* and pegged and 
Hutchinson’s teeth as the result of syphilis. Of irregularities of posi- 

’ tion we have conditions due to overcrowding and malocclusion. Over- 
crowding may be rectified by gradual artificial enlargement of the 
jaw. Occlusion of the teeth is the relationship of their biting surfaces 
when the mandible is in the position of the resting bite.. Normally 
the upper incisors and canines, which are outside the lower, snugly 
overhang them. The biting surfaces of the bicuspids and molars 
are not even and flat, but so provided with corresponding elevations, 
or cusps, and intervening depressions that when the jaws are properly 
placed in relation to each other the cusps of one exactly fit into the 
depressions of the other. This gives 100 sliding surfaces which with 

*Abt, I. A., and Mortimer, Frank, Rachitic Erosions of the Permanent Teeth 

Associated with Lamellar Cataract, Fifty-ninth Annual Session of the American 
Medical Association, 
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the natural scissor-like motion of the jaws cut or grind the food.* 
Malocclusion is most commonly produced by misplaced irruption of 
the six-year molars, the cusps of the upper molars lying in front of 
their normal position. At first this is not apparent, but a marked 
deformity appears by the age of eight or nine, and then rapidly 
increases until the age of twelve. In malocclusion of this type the 
upper front incisors protrude at least the distance of a molar cusp in 
front of their normal position, and the lower lip does not close over the 
upper front incisors, or meet the upper lip, therefore the child breathes 
through his mouth. A nasal cold occurring shortly after the irruption 
of the six-year molars may, by means of temporary mouth breathing, 
produce malocclusion.t The medical survey of rural schools made in 
Porter Countyt shows that 4.8 per cent. of the school children 
examined had serious occlusal defects. ones makes the statement 
that 98 per cent. of all children examined in the public schools of 
Bridgeport in the last five years have had more or less malocclusion. 

The number of dental defects among school children is variously 
estimated from 33 to 53 per cent. (table of defects). Fones§ states 
that children of the first five grades in the public school average not 
less than seven good-sized cavities, and that 10 per cent. of these are 
fistulous. 

The results of defective teeth are both multiform and serious. 
Malocclusion is produced by and produces mouth breathing, a narrow 
upper arch, carious teeth, and mental retardation. Painful teeth and 
missing teeth, whether in child or adult, interfere with mastication. 
In children this is doubly serious, as feeble movements of the jaw in 
chewing not only interfere with the proper preparation of food, but 
with the proper development of the skull bones, and especially of the 
jaws. Purulent conditions of the gums or alveolar processes are 
said to produce 20 per cent. of all diseases. The intimate relation 
of pyorrhea and osteoclasia to systemic disease has been so thoroughly 
and brilliantly brought before both the medical and lay public that 
it hardly needs further emphasis here. The augmentation of viru- 
lency by culture conditions in unhygienic mouths is emphasized by 
Rosenow** and is a matter of the greatest importance. The relation of 
diseased mouths to epidemiology is well brought out by Fones,t+ show- 
ing a favorable difference which he attributes to the improvement in 
the condition of the mouths of the school children after the introduc- 
tion of school hygienists in the schools of Bridgeport. 


* Fones, Alfred C., ‘‘Mouth Hygiene.” 

tT Noyes, Frederick B., Jour. A. M. A., Nov. 18, 1922, p. 1760. 

{ Public Health Bulletin, No. 77 (June, 1916). Quoted by Woodbury, William 
R., The Petersham Plan, Boston Medical and Surgical Journal, clxxvii, No. 24 
(Dec. 13, 1917), p. 834. 

§ Report of Five Years of Mouth Hygiene in the Public Schools of Bridgeport, 
Connecticut, The Dental Cosmos (July, 1919). 

** Rosenow, E. C., Transmutations Within the Streptococcus Pneumococcus 
Group, Jour. Infect. Diseases, xiv, No. 1 (Jan., 1914), p. 1. 

tT Dental Cosmos (July, 1919). 
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TaBLe 44.—Morrauity Rares BEFORE AND AFTER THE ADVENT oF ScHoo.u 


HyaIentists 
1914, 1918, 
Prr Cent, Prr Cent. 
PIPRUCL a Cm ee ee eee 36.6 18.7 
Measlessu meters oot cue ee he: 20.0 4.1 
Dearlet Lover amr a.cik 600 tee 14.1 0.5 


Fones has also studied the relation of retardation to defective 
teeth and finds that it is reduced 50 per cent. The following table 
is sufficient: 


‘TaBLe 45.—Pupits 14 Yrars or AGE AND OVER 


Grades.c3. 32 Pelinati aly. Vo VE 
September, 1912... 18 17 58 107 169 212 4.0 per cent. of elementary pupils. 
November, 1918.... 0 0 11 35 109 155 1.5 per cent. of elementary pupils. 


A study of children in Cleveland* showed that 97 per cent. had 
carious teeth. In a school of 846 children, special attention was given 
to the mouths of 27 children showing the highest number of dental 
defects, with the result that with the lapse of a short time an increase 
of 99 per cent. school work efficiency was shown. J ohnson has demon- 
strated that two badly decayed molars will retard a child six months 
in school during the first eight grades. In New York City 67,000 
children failed to be promoted because of absence; 80 per cent. of 
this was believed to be due to defective teeth. Fones believes that 
the dental work done in the Bridgeport schools has raised the mental 
status as a whole 15 per cent. 

Children often develop great irritability and other serious nervous 
manifestations as the result of painful teeth. There is no longer the 
slightest doubt concerning the relation of alveolar abscesses and pyor- 
rhea to chorea, and it is possible that the irritation produced by im- 
paction and pain may augment the severity and number of epileptic 
attacks (William R. Woodbury). 

Acne is sometimes the result of mouth infections, and doubtless 
many cases of infected tonsils are secondary to alveolar abscesses. 

Diagnosis.—The z-ray is of vital importance in determining the 
presence or absence of alveolar abscesses. Many abscesses dry, 
leaving caseous foci containing live bacteria about the roots of the 
teeth. They are in a latent condition and cause neither pain nor 
tenderness nor insecurity. As their systemic results, however, may 
also be 'very serious, their presence should be investigated with the 
z-ray.t 

The differentiation of toothache when it concerns the pulp is 
important, as it may be possible to save the nerve. 


* Johnson, Earle E., Effects of Decayed Teeth Upon a Child’s Progress in 
School, The Dental Cosmos (April, 1918), p. 293. 
} For description of films, etc., see Fones, “Mouth Hygiene.” 
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InFectTion oF PuLP Dyine PULP 
Sensitive to touch Sensitive to touch 
Sudden severe pain Severe toothache 
Pain increased by heat Pain increased by heat and cold 
Relieved by cold Pain ceases suddenly 


If there is infection of the pulp, the pulp should be opened at once, . 
therefore it is important that the child should have immediate expert 
dental care, as a delay of 24 hours is serious. While a dying pulp 
requires immediate dental service, it may be deferred without anything 
worse than the suffering of the patient. 


Fie. 247.—Correct method of holding the brush. (Fone’s “Mouth Hygiene.’’) 


Treatment.—At the beginning of the school year the teeth of all 
school children between first and fifth grades are inspected by school 
dentists. Notes are made at this time of defective teeth and maloc- 
clusion, and kept on file. At once the dental hygienists begin tooth- 
brush drills and demonstrations of the use of dental floss, which are 
continued until the method is perfected (Figs. 247,248). Dental hygien- 
ists spend part of each day polishing teeth, as the roughened areas 
more quickly succumb to decay. Cavities of the six-year molars 
are given especial attention. Children with these conditions are sent 
to the office of the school dentist. Parents are advised of other defects 
and generally respond to the information given. 

Brushing is urged four times a day with the use of a soap and chalk 
mixture, either in the form of paste or powder (see figure). Lime 
water made with coarse lime (rough plaster) dissolves the mucin, and 
is very essential as a mouth wash in preventing the formation of the 
bacterial plaque. A solution of soda or common salt in water, in the 
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proportion of one-fourth teaspoonful to a small cup of water, is an 
excellent substitute. 


= a . : 
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Fie. 248.— Correct movement of brush. (Fone’s “Mouth Hygiene.’’) 


TypicaL Toors-BrusH Dritu 


After the form advised by the Second District Dental Association, New York 
Two or three children, provided with tooth brushes, dentifrice, cups, water 
and a basin, should demonstrate this drill before the class. Every member of the 
class should follow the leaders in pantomime. 
Attention! (All in line, elbows close to side, with brushes in right hand and 
cups in left.) 
1. Ready—Dip! 
2. Outside Surfaces. (Brush inserted under cheek, teeth closed. Brush gums as 
well as teeth.) Circular motion. (See Fig. 248.) 
Left Side—Ready—Count 1 to 16. Dip. 
Right Side—Ready—Count 1 to 16. Dip. 
Front Side—Ready—Count 1 to 16. Dip. 
3. Inside Surfaces. (Mouth wide open, straight motion front to back.) 
Upper Left Side—Ready—Count 1 to 16. Dip. 
Right Side—Ready—Count 1 to 16. Dip. 
Front Side—Ready—Count 1 to 16. Dip. 
Lower Left Side—Ready—Count 1 to 16. Dip. 
Right Side—Ready—Count 1 to 16. Dip. 
Front Side—Ready—Count 1 to 16. Dip. 
4. Chewing Surfaces (scrubbing vigorously). 
Upper Left Side—Ready—Count 1 to 16. Dip. 
Right Side—Ready—Count 1 to 16. Dip. 
Lower Left Side—Ready—Count 1 to 16. Dip. 
Right Side—Ready—Count 1 to 16. Dip. 
5. Empty cups and refill them—Ready—Count 1 to 16. 
6. Rinse mouth—Ready—Count 1 to 16. 
7. Rinse brush—Ready—Count 1 to 16. 
(Shaking off excess of water over basin.) 
N.B.—Counting by leader should be rather brisk but even and should allow 
plenty of time for dipping and shaking of the brushes. 
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Materials. 

1. Tooth brushes (brought to school in envelopes made by leaders). 

2. Dentifrice. 

3. Individual cups (paper preferably), made by the leaders at home, to be 

half filled with water by monitor. 
4, One pitcher of water. 
5. One tin basin. 
From Course. of Study and Tentative Syllabus on Hygiene for Elementary 

Schools, Board of Education, New York City (June 14, 1916). 


Any community desiring the establishment of dental work in its 
~ gchools will find that the first step is a demonstration of the need. 
Even though the community be isolated, it is usually possible to secure 
the services of some dentist for a preliminary survey of the mouths of 
the school children. ‘This can be followed up by literature and the 
Dental Council of Massachusetts has prepared a standard lecture on 
mouth hygiene entitled “‘The Care and Use of the Human Mouth,” 
which can be secured with films for a nominal fee. The Massachusetts 
Council is also standardizing a dental clinic including rules of organiza- 
tion, equipment, operative procedures, and general management. 
This Council may be reached through the Forsyth Dental Infirmary 
for Children, 140 The Fenway, Boston. Alfred 8. Fone, “Mouth 
Hygiene,” gives details of organization, of the training of dental 
hygienists, and practical and complete discussion of all phases of 
mouth abnormalities. 

The Dental Welfare Foundation of Pittsburgh, U. 8. A., is pub- 
lishing with the approval of the National Dental Association a series of 
short Health Talks on facts related to teeth which they are distributing 
on postal cards to teachers. 


GLANDS 


Lymphoid tissue is found wherever the body requires defenses. 
Notable accumulations occur in the throat, near the appendix, in the 
mediastinum and mesentery, and externally in the neck, axille and 
inguinal regions. In childhood, masses of lymphoid tissue are large 
because the organism carries on a rapid metabolism, and also because 
they are necessary in building up immunity. The metabolism theory 
is perhaps best illustrated by the axillary and inguinal glands which 
drain the mammary and pelvic reproductive organs and do not develop 
until puberty, when activity of these organs begins. The protection 
theory: has been established by the fact that in localities where lymph- 
oid tissue is abundant and absorption is occurring rapidly, there is 
the most extensive and various intestinal flora. If smear and culture 
preparations are made at intervals along the alimentary canal it is 
found that the number of bacteria normally present and the amount 
of lymphoid tissue parallel each other. Added to this is a fact of 
universal observation that whereas immunity is very low in infancy, 
it gradually increases with the years, while coincidently, as has just 
been said, lymphoid tissue decreases. 


THYROID GLAND 961 


The most important lymphatic structures in the body are the ton- 
sils. It is here that microbes gain their first point of entrance, and 
from here by connection with the deeper lymphatics the microbes are 
passed on. Grober injected the tonsils. of living dogs with Chinese 
black paint and on post-mortem found the ink in the tonsils and 
cervical glands, as well as in the supra-clavicular, bronchial, cardiac 
and mediastinal glands. Other experiments with inorganic powders 
show that such substances, if blown into the nasal cavities, are carried 
into the tonsils. Thus it is argued that germ laden-lymph from the 
nose and throat passes into the systemic circulation. It is known that 
organisms and toxins ‘from the tonsils pass into the anterior deep 
cervical glands of the neck.”’ Enlargement of the lymphatic gland 
located just outside and below the tonsil (often called the tonsillar 
lymphatic gland) is usually due to disease of the tonsil, or infection 
coming through the tonsil. Toxins, on the other hand, coming from 
the retropharyngeal lymphatics pass into the posterior and anterior 
cervical glands of the neck, so that inflammation of the adenoids or 
pharynx causes enlargement of the cervical glands just back of the 
sterno-cleido-mastoid muscle, and may occasionally cause enlargement 
of the anterior chain. It has been shown that if the adenoids are 
removed, and the tonsils thoroughly enucleated, about 35 per cent. of 
the enlarged glands disappear, 55 per cent. become very nearly normal, 
and 10 per cent. persist. The persistent glands are, as a rule, due to 
infection by the tubercle bacillus. The firm structure of the capsule 
of this organism makes it resistant to external forces and allows it 
not only to retain its vitality while in the tonsillar tissue, but sometimes 
causes the destruction of this tissue. On the other hand, it often 
leaves the tonsillar tissue unscathed, passing through it into the 
cervical or mediastinal glands, there to develop activity with organic 
changes. Most of this infection is derived from milk and causes. 
very little pulmonary disturbance. If cervical adenitis is bilateral 
it is usually due to tuberculosis, to syphilis, Hodgkin’s disease, or 
blood diseases, and the condition is chronic. Acute enlargement is 
not tubercular.* 


THYROID GLAND 


It is sometimes very difficult to find the thyroid gland in children, 
as the lobes may be so close to the trachea that they cannot be palpated. 
Their function is of the greatest importance, however; a fact manifested 
both by a lack of functioning tissue, as in myxedema and cretinism, 
and also by an increase of thyroid secretion, as in hyperthyroidism. 
In either case, there is a profound alteration in the output of general cell 


*See Good, R. H., Why Are the Tonsils and Lymphatics of the Nose and 
Throat Responsible for so Many Systemic Diseases? Illinois Medical Journal 
(May, 1918); and Davis, D. J., The Tonsil in Relation to Infectious Processes, 
Jour. A. M. A., lxxiv, No. 5 (Jan. 31, 1920), p. 317. 
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energy expressed by a great change in body growth and mental develop- 
ment, the neutralization of toxic substitutes and resistance of invaders 
and the effect upon the pulse rate, blood pressure and temperature, 
control of protein and calcium metabolism and of sugar and fat, espe- 
cially at the périods of second dentition, of puberty, menstruation and 
the menopause. These changes are due “‘to the complementary action 
of colloid on intracellular metabolism.” * : By 

The thyroid gland owes its activity to an iodine-containing protein 
called thyreoglobulin, which forms one-fourth to one-half of its dry 
weight. It is the sole active constituent of the colloid of this gland. 
If thyreoglobulin is decomposed by boiling it with sulphuric acid, a 
stable substance is formed called thyroidin, which contains 14.5 per 
cent. of iodin. Thyroxin, another stable substance, is isolated from 
the thyroid gland after alkaline hydrolysis, and contains 60 per cent. 
of iodin.f 

Iodin is essential for human activity. The amount of iodin 
varies directly with the amount of colloid present, and seems to have a 
specific affinity for it.t 

Etiology of Thyroid Disturbance-—(1) Defective or improper food 
supply, especially a lack of iodine-containing vegetables. 

2. Residence in unsanitary surroundings; the incidence among the 
poor is higher than that among the rich. 

3. (a) Infectious conditions: acute infectious diseases—measles, 


mumps, scarlet fever, pertussis, acute tuberculosis; chronic infectious 


diseases—tuberculosis, secondary syphilis; circulatory diseases— 
helminthiasis, ete. ‘ 
(b) Constipation and intestinal stasis and toxemia. 
4. Psychic causes (fright, grief, worry).§ In very unusual cases 
hyperthyroidism occurs in school children, and the symptoms are 


‘increased by physical training and worry about school activities. 


Some later investigators take issue with this. 

5. Consanguinity and heredity. 

The age incidence of 642 strumous boys and girls is shown in the 
following table of Demme, Jahresbericht des Berner Kinderspitals, 
1879: 


* Wells, H. G., “Pathological Chemistry.’’ F. C. Kendall, The Chemical 
Identification of the Active Constituent of the Thyroid with a Discussion of Its 
Physiological Function, Bulletin Chicago Medical Society (Oct. 11, 1919). 

} Wells, ibid., and Kendall, E. C., The Active Constituent of the Thyroid, 
Jour. A. M. A., lxxi, No. 11 (Sept. 14, 1918), p. 871; Kendall, E. C., On the Crys- 
talline Compound Containing lodin Which Occurs in the Thyroid, Endocrinology, 
i (1917), p. 153. 

ab Marine, David, On the Occurrence and Physiological Nature of Glandular 
Hyperplasia of the Thyroid (Dog and Sheep), together with Remarks on Impor- 
tant Clinical (Human) Problems, Johns Hopkins Bulletin No. 198 (Sept., 1907). 

§ Cannon, W. B., Results of Recent Studies on Ductless Glands, Jour. A. M. A., 
Ixvii, No. 31 (Nov. 18, 1916), p. 1483; and Mackenzie, Hector, Bradshaw Lecture 
on Exophthalmic Goiter, Lancet, i (Nov. 11, 1916), p. 300. Quoted in Practical 
Medicine Series (1917). 
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TABLE 33 

37 up to 1 month 

59 from 2 to 12 months 
35 from 12 to 48 months 
83 from 4to 7 years 
94 from 8 to 10 years 
150 from 11 to 13 years 
184 from 14 to 15 years 


Boys and girls are equally affected to puberty; after this ‘period, 
the number of girls affected is very much greater than that of boys. 

Locality is a very important factor. Hot countries, and countries 
where there is poor drainage and a dense population, show a high 
incidence. India is said to have 5,000,000 cases of goiter; on the 
other hand, in large sections of the United States free from any known 
cause, and in small isolated sections of Switzerland, goiters occur in a 
large proportion of the female inhabitants. 

It is said that water containing a large amount of calcium ‘is a 
predisposing factor, as it throws an added strain upon the thyroid 
gland which partly controls calcium metabolism. It is possible also 
that the iodin content of drinking water has to do with the subject.* 

Goiter is congenital or acquired, sporadic, endemic, or epidemic. 

Types of Goiter.— 

1. Congestion, which is temporary. 

2. Thyroiditis, an acute inflammatory condition, which is very rare. 

3. Simple colloidal goiter. This is very unusual in early childhood, 
developing before and after puberty. The development is apparently 
vicarious—an attempt to supply necessary iodin by means of the 
hypertrophy of iodin-elaborating structures. 

4. Hyperplastic goiter isa physiologic reaction to a deficiency (iodin) 
and is a condition of cellular hyperactivity which usually precedes 
colloidal goiter. The cells are increased in the effort tocompensate 
for the lack of iodin, and the colloid is decreased to the same extent. 

5. Toxic adenoma, or simple toxic goiter, occurs just before or 
following puberty with disturbed menstruation, and is due to an over- 
production of thyroxin, resulting in loss of weight, notwithstanding a 
good appetite. There is the sensation of body heat, excessive sweat- 
ing, and a rapid pulse, which, unlike that of the purely nervous pulse, 
is rapid with the first pulse beats of the examination. The rate 
increases with exertion. Exophthalmus in toxic adenoma is absent. 

6. Exophthalmic goiter is not due to the over-elaboration of 
thyroxin, but is probably due to a chemical complex based upon 
thyroxin, which is not thoroughly understood. The symptoms are 
like those of toxic goiter, to which is added exophthalmus, tremor, 
diarrhea, flushing of the skin, and marked increase in basal metabolism 
which causes considerable loss in weight. This is rare in children. 

* Crile, G. W., Foreword to Bulletin 299, Ohio Agricultural Experiment 


Station, Wooster, Ohio (June, 1916). On the Iodin Content of Foods, by Forbes, 
E. B., Beele, F. M., Fritz, C. M., Morgan, L. E. and Rhuge, 8. N. 
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7. Myxedema is due to an atrophy of the thyroid gland in pre- 
viously healthy children, and results in a dough-like, pasty swelling 
of the skin which does not pit on pressure, in a loss of perspiration, 
falling of the hair, and in stunted growth both physical and mental. 

8. Cretinism is congenital myxedema, with or without atrophy 
of the thyroid gland. Most cases of endemic cretinism after the 
third year of life develop large goiters, and sometimes the appearance 
of these goiters is attended with improvement. On the whole, the 
symptoms of cretinism are those of exaggerated myxedema and 
dwarfism, with defective development of the bony skeleton, the teeth 
and the genitalia, almost always involving a very low type of mental 
development. They are frequently deaf mutes. 

Basal metabolism (see Nutrition, p. 931) is profoundly affected by the 
condition of the thyroid gland. There is an equilibrium which exists 
between the secretion of the gland and the tissues. The usual variation 
is expressed in a difference of 10+ or 10—. Somewhat greater degrees 
than this, however, may be regarded as normal. The threshold of 
actual disturbance would certainly be indicated by basal metabolism 
below 10 in cretinism and myxedema. Cretins usually have a basal 
metabolism of —40. Basal metabolism of 20 or over may be regarded 
as an indication of toxic adenoma or exophthalmic goiter. Pilocarpin 
and adrenalin are also used to discover indications of hyperthyroidism. 

Hpidemic goiter occurs sometimes among susceptible newcomers, 
more often in school children. This is true in many localities in the 
United States. Many cases are cited of several members of non- 
goitrous families developing large goiters within six weeks after settling 
in new localities. ; 

McCarrison* states that the incubation period of experimental 
goiter is from 13 to 15 days. 

The epidemic goiter is always soft, though there may be some 
difference in the size of the lobes. There is spontaneous recovery in 
about 9 per cent. and incipient goiter frequently disappears if the 
child leaves the community in which it developed, though the enlarge- 
ment usually persists. Ordinarily it tends to grow larger in the spring, 
and to disappear in the autumn, and each time there is a slight perma- 
nent increase in size. 

Tests which are used now to differentiate the degree of toxicity 
are basal metabolism estimations, tests for sugar tolerance and epi- 
nephrin tests. t{ 


* McCarrison, Robert ‘The Thyroid Gland.” 

t DuBois, E. F., The Respiration Calorimeter in ‘Clinical Medicine, Amer. 
Jour. Med. Sciences (June, 1916), abstracted in Practical Medical Series i (1917). 

t These are well described by Smith, Fred M., Studies in Hyperthyroidism 
Jour. A. M. A., Ixxiii, No. 24 (Dee. 13, 1919), p. 1828; by Means, J. H. and Aub, 
J. C,, The Basal Metabolism in Hypo-thyroidism, Archives of Internal Medicine, 
xxiv, p. 404; by McCaskey, G. W., Basal Metabolism Determinations in General 
Internal Diagnosis, etc., Jour. A. M. A., Ixxiv, No. 14 (April 3, 1920), p. 927; by 
Woodbury, Malcolm S., A Comparison of Methods for Determining Thyro-toxi- 
sosis, Jour, A, M, A., lxxiv, No, 15 (April 10, 1920), p. 997, 
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Differentiation from Mongolism.—Cretinism is sometimes called 
“mongoloid idiocy.” It should never be confused with mongolism, 
in which there is probably an etiological difference and in which the 
skeletal changes are far less marked, the mental condition less sluggish 
and the disposition irritable; from infantilism, in which the skin is 
not abnormal in color, nor the tongue nor other tissues of the face 
changed. There is, however, decided mental retardation, and a lack 
of development of the genitalia in both conditions. 

Treatment.—Efficient prophylaxis may be instituted either by 
removal from localities where goiter is endemic, or by the semi-annual 
use for a period of two to three weeks of 1 c.c. daily of the syrup of 
hydriodie acid, or Syr. ferrous iodid in the same dosage. Kimball 

_ and Marine* experimented with 4415 girls to see if goiter formation 
could be prevented. Not a single pupil in whom the thyroid was 
normal the preceding year and who took iodin showed any enlarge- 
ment, while in those not taking iodin 26 per cent. showed definitely 
enlarged thyroids. One-third of the small goiters disappeared, and one- 
third moderate-sized goiters showed a decrease of 2 cm. or more. 
There were no bad results. Roux advocates the prophylactic use of a 
crystal of metallic iodin imbedded in wax or spermaceti suspended like 
a locket from the neck.t Roux says that none of these methods will 
prove advantageous except at the incipiency of the disease and in hyper- 
plastic goiters. Goiters that are cystic or nodular and diffuse follicular 
colloid goiters are not benefited. 

Care must be taken to avoid an excess of iodin fumes, as serious 
results have followed, especially if there is any pulmonary disturbance 
present.t 

Soft or boiled water should be used. Foods that contain larger 
amounts of iodin may be tried, such as sea foods, especially shrimps, 
crabs, lobster, smoked herring and fresh salmon, some vegetables, 
particularly green peas, green beans, bananas, tomatoes, garlic and 
cabbage.§ Meat should be eaten not more than once a day. It is 
also important to remember that patients. with excessive metabolism 
require a much larger quantity of food. 

Ordinary goiter may be treated by the administration of iodin 
internally in combination with iodide of potassium or sodium, as in 
Lugol’s solution—15 to 20 drops a day adult dosage. Potassium iodide 
ointment may be used externally. Thyroid extract, on acount of its 

_ iodin content, may also be used, beginning with 14-grain doses, 

and increasing gradually to 6 grains daily. Children taking iodin 


* *The Prevention of Simple Goiter in Man, Jour. Lab. and Clin. Med., iii 
(1917), p. 40. 

{ “A propos du Goitre,’’ Correspondenz-Blatt Schiweizer Aerzte, xliv (1918), p. 
369; also Rapport (sur le goitré) zbid., 1917, xlvii, p. 1655. 

t Luckhardt, A. B., Koch, F. C., Schroeder, W. F. and Weiland, A. H., The 
Physiological Action of Fumes of Iodin, Jour. Pharmacol. and Exper. Therap., 
xv (Mar., 1920), p. 1. :. 

§ Editorial: Iodin Content of Foods, Jour. A. M. A., Ixvii, No. 21 (Nov. 18, 
1916), p. 1526, and Friedenwald Ruhrah, ‘‘ Diet in Health and Disease. 
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in any such form must be constantly watched for symptoms of intoler- 
ance, which are the following: loss of flesh and strength, fever, tachy- 
cardia, nausea, insomnia, restlessness and excessive perspiration. 
Favorable results of iodin treatment are usually seen within a month, 
if they occur at all. Thyroxin is advised by Kendall in al go-grain 
doses, because it is a stable substance and can be exactly administered. 


‘Great care should be taken to relieve constipation. 


Cretinism can be partially cured by thyroxin or by thyroid extract, 
but it must be given continuously. After the myxedema has appeared, 
body weight is a safe index for dosage in children. 

Roentgen-ray is probably the best non-operative treatment for 
exophthalmic goiter, directed not only upon the thyroid gland but on 
the thymus as well.* Radium is also used. : 


POSTURE 


As a promoter of health, posture is the most vital subject in physical 
education. * Without a knowledge of the meaning of correct posture, 
gymnastics, work with apparatus, and some plays and games may do 
much more harm than good. ‘‘It requires perfect adjustment, weight 
distribution and balance of different parts of the body. It represents 
the economical distribution of muscular tension, even balance of mus- 
cular tone, equalized pressure on the surfaces of joints, and minimum 
tension on fibrous structures, and it is good for the internal organs{ 
as regards room distribution, relative position, and natural support.’’f 

Correct fundamental position viewed from the front should be 
bilaterally symmetrical, the weight equally divided between the feet, 
the spinal column straight and vertical, hips and shoulders at the same 
height on each side and equally distant from the spine. Viewed from 
the side, the general line of the body should be straight from head to 
heel with inclination forward at such an angle as will bring the center 
of gravity of the body, which is well forward in the region of the hips, 
over the balls of the feet. The spinal column should exhibit three 
normal curves: cervical, dorsal, and lumbar. The poise is tested by 
rising on the toes. If one has to sway forward or backward before 
rising, the weight is not over the balls of the feet.§ 

The vertical line test which is used now in class work generally is a 
line dropped from the front of the ear through the anterior part of the 
shoulder and through the greater trochanter to the forward part of 
the foot at any point from the middle of the arch to the ball of the foot. 
This line parallels the long axis of the neck and head taken together 
and the long axis of the trunk of the body.** 

Faults of posture; seen from the side: 

* Fisher, J. F., “Ugeske f. Laeger’’ (Oct. 5, 1916), quoted in Practical Medical 
Series, i (1917). ; 

} See Goldthwait, Joel E., ‘The Relation of Posture to Human Efficiency and 
the Influence of Poise upon the Support and Function of the Viscera.” 

{ Skarstrom, ‘Educational Gymnastics.”’ 

§ Bowen, ‘Physical Training.’’ 

** Bancroft, Jessie, “The Posture of School Children.” 
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(a) Weight poised too far back { Flattened chest. 


(b) Hips and abdomen too far forward Diminished breathing. 
(c) Head too far forward These | Organs of body crowded 
(d) Arms and hands too far forward cause and hindered in function. 
(e) Exaggerated lumbar curve or Ptosis. 

lordosis . 


Seen from the front or rear: 


(a) Weight not evenly divided Lateral curvature of the 
(b) Uneven hips or shoulders Thes spine which lessens its 
(c) Head held to one side sued supporting power. Pres- 


sure upon spinal nerves, 
and pain (Bowen). 

Teachers of physical education and children under their direction 
will be stimulated to effort by using the Mosher-Lesley schematograph 
which records posture outlines of the body. It can be obtained from 
the American Posture Standards Company, 1 Madison Avenue, 
New York City, N. Y. 

Three stages of poor posture: 

1. Usually stands correctly—occasional lapses on account of occupation. 

2. Habitual stage—good posture feels unnatural, but he can assume it. 

. 3. Structural stage—muscles and bones changed. Cannot correct entirely 
(Bowen). 

Round shoulders are a conspicuous part of poor posture, and are 
primarily due to a forward position of the head, with a weakness of 
the sternomastoid and scaleni muscles, which hold the head up in 
good posture. Asa result, the convexity of the dorsal curve is increased 
with protrusion backward of the scapule. The concavity of the 
lumbar curve is also increased and, as a consequence, the abdomen pro- 
trudes. Flat feet often co-exist; children with this condition are 
generally delicate and clumsy. 

Cases are flexible or functional and resistant or structural. If 
resistant, a child will exhibit a hollow back in the lumbar curve when 
told to put his arms up in the air in the standing position. The abdo- 
men will protrude because the soft parts between the chest and arms 
have become contracted and do not permit free movement. * 

From the examination of 200,000 children in the New York Schools, 
Miss Bancroft estimates that 80 per cent. of normal children have 
anteroposterior faults of posture that need correction, and 25 to 50 
per cent. have scoliosis. She also estimates that of the six hours spent 
in the sixth and seventh grades, 85 per cent. is spent in poor posture. 
Of the school time, 10 per cent. is spent in the standing position, 80 
per cent. sitting. Of the standing time, the larger part is devoted to 
carrying books and to manual training. Of the sitting time, 4 per 
cent. only is characterized by good posture. This is the time taken 
for singing, and when called to the position of attention. For the 
most part, study periods, writing, drawing, construction .work, loung- 
ing, etc., are characterized by poor posture. 

*Lovett, ‘Lateral Curvature of the Spine and Round Shoulders.” 
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Causes of Poor Posture: 


Gravitation. 

Fatigue and muscular weakness of the supporting muscles. ae 

Excessive recent growth or rapid changes in bodily proportion during 
growth. , 

Pelvic obliquity from shortened leg and standing on one foot. 

Flat foot. 

Deformities from organic nervous diseases involving the chest. 

Impaired, especially unequal, hearing. 

Impaired, especially unequal, vision. 

Improper school room furniture. 

Improper school room lighting. 

Improper clothing. 

Occupation or habit producing unequal development of the shoulder 
girdle muscles; stretching of the posterior group, shortening of the 
anterior group. 

(a) Writing and other manual activities. 

(b) Carrying books or other heavy burdens either on the arm or by the hand. 

Miss Jessie Bancroft has created a standard whereby teachers 
may grade children according to their posture. Three phases are to 
be noted by the teacher: 

1. Standing posture. 

2. Maintenance of good posture while walking or marching. 

3. Maintenance of good posture during corrective exercises. 

Children, at command, stand by their desks, and are inspected from 
the side. Those in poor posture are told to be seated. The others 
then form in line and march around the room. Those who drop into 
poor posture are again eliminated. Correction work is then given, 
further elimination following. The class is then divided into good and 
poor sections. 

In February of the first year when this method was originated,* 
only 40 per cent. of the 200,000 school children in New York, who were 
tested, could pass the test. In the following June, 85 per cent. passed it. 
The efficiency of the method lies in the fact that it stimulates each 
child to increase his record; it produces group ambition; and it avoids 
keeping effort too long on the strain by monthly promotion. 

The fundamental standing position is the best posture exercise 
because it strengthens the muscles used in holding good posture, 
it stretches the muscles of the front of the chest and contracts the 
shoulder blade muscles, and it trains the muscle sense and the proper 
nerve centers so that correct posture will be taken reflexly. It is 
difficult to secure good posture. Hanging from a pair of rings ora hori- 
zontal bar so that the toes just touch the floor is the best corrective 
exercise if care is taken to keep the head up. “Posture is a state of 
mind,” says Dr. Joseph E. Raycroft. 


* Bancroft, School Efficiency in Relation to the Posture of Pupils. Address at 
the International Congress of School Hygiene, Buffalo, N. Y. (August, 1913). 
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Elevation cues for normal posture are: 


Head: Up! (chin in) Lift the head! 
Chest: Up! (high) Lift the chest! 
Waist: Flat! (abdomen) Stretch the ankles! 
Weight: Forward! Stand tall! 


A good single cue is “Push up with your head” or “Stand tall.” 
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Treatment.—Progressive improvement must be the criterion of 
efficient gymnastic treatment (Lovett). 


The school should provide: 

Special posture gymnastics. 
; Locker space for books. 
Adjustable seats and desks. 
Proper lighting of school rooms. 
and advise the Correction of medical defects and poor 
nutrition. 

Sufficient sleep. 

See Spinal Deformities, p. 970. 
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Lateral curvature of the spine may consist of a single or total 
curve, double curvatures, or triple curvatures; and may involve any 
or all parts of the spine. The nomenclature of spinal curvature is 
based upon the position of the greatest point of spinal convexity, Ue. 
‘left dorsal curve” indicates that the convexity points to the left in 
the dorsal region. To accurately locate the curve it is desirable to 
mark the spinous processes, the crests of the ilia and the angles of the 
scapule with a flesh pencil. A so-called ‘thread screen” may be 
placed between the patient’s back and the observer. This not only 
shows the spinal deviation, but the height of the shoulders and of the 
hips, and the distances between the patient’s arms and sides. Rota- 
tion of the spine (which is an aggravated development of curvature) 
is best seen when the patient bends forward; rotation is then indicated 
by a bulging of the ribs on one side of the spine and a corresponding 
flattening of the ribs on the other side. 

The four cardinal symptoms of Pott’s disease or tuberculosis of 
the spine are deformity, pain, rigidity and weakness. Tuberculosis 
of the spine in a preponderating number of cases is indicated, in the 
earlier stages, by a slight projection backward of the affected vertebre. 
A patient with Pott’s disease guards himself carefully from the dis- 
comfort caused by active movements, thus protecting the diseased 
bodies of the vertebre from jarring. When asked to pick up an object 
from the floor, for example, he may either squat on his heels or drop 
on his knees to prevent spinal movement, and when he rises he pulls 
himself up by a chair or other object so as to avoid the pain of muscular 
contraction in the back muscles. Stiffnessis not confined to the affected 
vertebre, but involves a larger portion of the spine. The presence 
of stiffness can best be ascertained by placing the patient in the prone 
position; the heels are then seized and pulled upward, or if he be an 
adolescent the examining hand is placed just above the knees which are 
then pulled upward, thus, in either case, determining the amount of 
extension to which the back muscles can be subjected. If the lumbar 
region is suspected, it is necessary to fix the thorax with the examiner’s 
hand. Rigidity may further be demonstrated if the patient is placed 
on his hands and knees; when he is lifted from this position the trunk 
of his body remains rigid instead of relaxing over the hands which 
support it. If tuberculosis is present, the stiffness is marked and the 
maneuver produces pain. Different parts of the back respond differ- 
ently to tubercular processes; disease of the cervical vertebrie produces 
wry neck, that of the lumbar region over-erectness or in many cases 
lordosis; pain does not occur at the site of the lesion, but, being due to 
pressure upon nerves at their exit from the spine, is referred to the 
region which they supply. It is seldom also that pressure elicits 
tenderness over the affected vertebra, as it is the bodies, and not the 
spinous processes, which are involved. 

Differentiation should be made between spondylitis, or Pott’s 
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disease, and sciatica, lumbago and pseudo-hypertrophic muscular 
paralysis. If there is psoas abscess, a diagnosis of hip disease must 
also be ruled out.* 


FEET 


The foot has two functions. It bears the weight of the body and 
raises and propels it in movement. Some normal feet curve out, 
some curve in, but most of them are straight.+ There are two arches, 
the longitudinal, to which reference is usually made, and the transverse. 

The longitudinal arch comprises the entire sole of the foot from the 
distal ends of the metatarsal bones to the os calcis. On the inner 
margin of the foot from before backward it is comprised of the first, 
second, and third metatarsals—the cuneiform bones, the scaphoid, 
the astragalus and the os calcis. This arch in the normal foot is 
permanent whether weight is borne on it or not. - On the outer margin 
of the foot from before backward it is comprised of the fourth and 
fifth metatarsals, the cuboid, and the os calcis. When weight is 
borne here on the outer part of the arch it normally becomes flat. 

The transverse arch is found at the junction of the anterior ends of 
the metatarsal bones with the phalanges. The second and third 
metatarsophalangeal joints are situated on a higher plane than the 
others except when bearing weight while standing ; but in action the 
third metatarsophalangeal becomes very important, as it is the center 
of this part of the foot. Weakness of the transverse arch is almost 
never encountered among children. 

The weight of the body is projected successively from the tibia to 
the astragalus, to the os calcis, to the powerful short plantar ligament 
and finally to the long plantar ligament. When the body is in motion 
the calf muscles pass the weight down from the center of the knee 
to the center of the ankle and forward to the ball of the foot at the 
second and third metatarsophalangeal joints and finally to the toes, 
the body in this manner being lifted over on to the other foot. 

The longitudinal arch may be abnormally high or abnormally low.t+ 
There are many cases in which the abnormally high arch does not 
. stand strain so well as the abnormally low arch. The height of the 
arch then is not a definite criterion of weak foot. The surest evidence 
of pronation or foot strain in mild cases is the position at which a 
plumb line dropped from the tuberosity of the tibia strikes the foot 
placed straight ahead. If it is farther toward the median line of the 
body than the cleft between the great and second toe, the longitudinal 
arch is pronated.t 


*See Whitman, “Orthopedic Surgery;” Taylor, ‘Orthopedic Surgery;” 
Bradford and Lovett, ‘Orthopedic Surgery.” 
' See Posture, p. 966. 

+ Ridlon, Lecture on Orthopedic Surgery to Line Officers. Unpublished. 

{ Brown, Lloyd T., The Occurrence of Weak Feet and Foot Strain in School 
Children and Methods of Examination, fourth International Congress of School 


Hygiene. 
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In the resting foot there is a normal outward curve of the inner . 
border extending from the first metatarsophalangeal joint to the os 
calcis. In the weight-bearing foot or passive attitude, this is oblit- 
erated because, ‘in standing, the astragalus through which the 
weight passes is rotated inward and downward on the os calcis until 
it is checked hy the resistance of the ligaments and by the interlocking 
of the bones. The head of the astragalus thus becomes slightly 
prominent, and the inner border of the foot is depressed.”’ This 
produces a small degree of abduction which increases the base of 
support desirably (Whitman). 

In walking, on the other hand, abduction of the feet is very undesir- 
able, because muscular action in this position is greatly curtailed. 
“The ‘toeing out’ of tradition is responsible for many cases of prona- 
tion or flatfoot. Plantar flexion and adduction represent as contrasted 
with the weight-bearing or passive attitude of supporting weight, 
the attitude of activity in which the foot is supported and controlled 
by the muscles. ’’* 

The symptoms of flat or weak foot are a feelingt of weakness in 
the foot, awkwardness, abduction, and pronation. Another very 
important indication of weakness is stiffness to both active and passive 
efforts to twist and turn the foot inward at and below the ankle joint, 
so that when the attempt is made the muscles that turn the foot out- 
ward spring up, spasmodically contracted (Ridlon). Pain due to 
pronation is rarely present in children. Callouses frequently occur 
in adults and sometimes in adolescents and are an indication of weakness 
of the transverse arch. 

The common causes of pronated feet are poor posture, improper 
position of the feet in walking and standing, incorrect shoes (either 
too narrow, too pointed, or too high heeled), insufficient development 
of the adductor muscles which should be stronger than the abductors, 
congenital malformation and paralysis, shortened tendo Achilles, 
weight carrying, malnutrition, anemia, fatigue. By far the most 
common cause of painful feet, perhaps 90 per cent., is infection else- 
where in the body with the resulting autointoxication. 

Diagnosis.—If the patient, barefooted, is examined from the rear 
while he is walking, the normal heel will be in a direct line with the 
middle of the leg. If there is pronation the heel will beeverted. When 
cases of pronation are examined from the front by the line test, the 
line falls inside the great toe and there is usually more or less sagging 
of the longitudinal arch. Abduction of the front of the foot is a con- 
stant factor. Walking in pronation is slouchy, and the leg is never 
completely extended. 


A permanent imprint of the foot may be made by painting the sole 
with Freiberg’s solution: 


* Whitman, “ Orthopedics.” 


} Whitman, Armitage, Modern Treatment of the Flat F 
Ixxiv, No. 3 (Jan. 17, 1920), p. 151. PEE ROE aaa 
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Tr. chloride 50 parts. 
Alcohol (80 per cent.) 45 parts. 
Glycerin 5 parts. 


The foot is then planted on a piece of heavy paper. The impression 
is afterward intensified with a strong solution of tannic acid in alcohol. 
“Such impressions show the pressure-bearing ‘surface of the sole.’’* 
The normal foot leaves no impress along the inner margin between the 
ball and heel and halfway toward the outer margin. 

The shoe as a rule is worn off at the anterior inner border of the 
heel and the inner margin of the sole. The counter of the shoe is 
everted. 

Range of Motion.—If the leg is fully extended at the knee, the 
patient should be able to flex the foot from 10 to 20° less than a right 
angle and to extend it from 40 to: 50° beyond the right angle—the 
internal border of the foot can be raised twice as far from the floor as 
the external border. To test for a shortened tendo Achilles, have the 
patient stand with his back and heels against the wall, the feet parallel, 
about 6 inches apart. With the heels on the floor, have him raise 
the toes as high as possible. If the tendo Achilles is short there will 
be pain in the calf muscles. 

Pain due to mechanical changes occurs chiefly at the internal 
lateral ligament and the calcaneo-scaphoid ligament and is often 
accompanied by lumbar backache. Other pain is usually toxemic. 

Secondary Results.—Fatigue, bunions and corns, poor circulation 
causing hyperidrosis, cyanosis, and chilblains. 

Treatment.—Insist upon good posture in standing and walking (p. 
966); cross the feet while sitting. Correct the malnutrition by proper 
diet (p. 928, etc.). Insist upon long hours of sleep and avoid over- 
work either from study, weight carrying, or other cause. Remove all 
sources of autointoxication: adenoids, tonsils, defective teeth, otitis 
media, constipation, etc. 

Exercises for the strengthening of the feet usually practised in 
the gymnasium are rising on the toes, and raising the toes while the 
heels remain on the floor. 

The following exercises are much more helpful and can be used at 
home or in the corrective gymnasium: 

1. With the feet adducted, rise on the toes and come down on the 
outer side of the soles. Repeat fifty times daily. 

2. To develop the interossii, stand with the feet parallel on the 
edge of a chair, foot stool or curb stone, the toes projecting. Raise 
and lowe? the toes as far as possible (Ridlon). ; 

3. To develop the arch; stand with the outer margin of the foot 
firmly braced against a wall. By vigorous action of the thigh muscles 
try to turn the foot against the wall. This raises and develops the 
arch of the foot (C. L. Lowman). 

Passive Exercises.—Patient sitting with legs extended and toes flexed : 


* Taylor, Henry Ling, ‘‘Orthopedic Surgery.’ 
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(a) Invert soles of feet. 
(b) with ‘‘a”’ extend ankle. 
(c) with ‘‘a”’ flex ankle; repeat. 


This may be performed as a passive exercise with resistance or without 
resistance. P : ; 

Rooster Walk.—The patient should walk along a line with the inner 
lateral margin of the feet touching it, with the legs raised as the steps 
are taken and the foot in inverted position. As the foot comes down 
there should be an effort to dig the little toe into the ground as much 
as possible. Ten steps should be taken forward and 10 backward. | 

Ruffling Towel.—The patient should stand orsit in a chair. A 
large bath towel should be placed on the floor with one end under the 
right foot and the other end to the right of the body. With the 
lateral border of the right foot, the towel should be moved over, 
across the body, until it is on the other side. The left foot should 
then repeat the performance in the reverse manner. 

‘Relay Race.—This is played with small objects, marbles, etc., which 
are picked up with the toes. It is conducted like a potato relay. 

Game of Catch—A rubber bath sponge or a tennis ball should be 
tossed with the feet in such position that the soles are inverted and 
in contact with each other. (Elsie Sameth.) 

Shoes.—The modern heelless shoe for small children is suitable for 
normal feet. 

For abnormal feet, shoes are modified by adding enough leather 
to the sole so that the line down the middle of the calf of the leg 
and through the ankle and the heel is straight, usually from one- 
eighth to one-quarter of an inch on the inner side of the heel, about 
half as much under the ball of the foot and more under the arch, so 
as to fill up the upward curve of the arch, rasped down to a thin edge 
following the flexure of the toes from the inner to the outer side of the 
shoe, thence backward along the outer side of the shoe.* 

The American Posture League furnishes shoes for straight, for 
inflaring, and for outflaring feet.+ 

Shoes with a flexible shank increase the comfort of strong feet, 
but as a rule they decrease the comfort of weak feet until the muscles 
of the arch are developed by exercise. 

A stiff shank is desirable for cross country or other rough walking, 
especially if the arch is weak. All shoes should be laced, straight on 
the inner side, broad across the ball, narrow and snug behind.t The 
heel should always be broad and except in cases of a shortened tendo 
Achilles, when the heel should be built up to meet the discrepancy, it 
should be both broad and low. 

Commercial arch supporters frequently do more harm than good, 
both because they do not fit and also because the patient relies upon 
them for relief instead of developing the Sagging arch by muscular 


* Ridlon, John, unpublished notes, 
+ Made by Burt, C. W. 
{ Taylor, H. L., “Orthopedic Surgery.” 
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exercise. A properly fitting shoe serves much better than the arch 
supporter unless the latter is made from a plaster cast of the foot by 
an orthopedic surgeon. 

Feet that are lame and stiff must have rest. They will be helped 
by strapping with adhesive in a position of varus, starting below the 
external malleolus, passing under the arch to the inner margin, thence 
upward in front of the ankle and ending in a spiral around the leg. 
Two or three of these are necessary in order to hold the foot firmly. 
A pad of felt may be placed under the arch. Rigid feet should be 
under treatment of an orthopedic surgeon and may require operative 
interference. 


SPEECH DISORDERS 


Speech defects consist of faulty codrdination of the nervous 
mechanism involved in speech and those muscles controlling expiration, 
vocal sound, and articulation, which are correlated with it. ‘“‘Lungs, 
throat, vocal cords, mouth, nasal cavities, and the intricate system 
of muscles that control these parts, a sensory nervous system and a 
low brain sensory registration area, a higher brain interpretation area 
and intricate collaboration functions, a high motor-control area, a 
low motor-output area, which includes the nerves that go down to 
supply nervous control to the numerous external parts of the speech 
mechanism” are simultaneously brought into play.* It can readily 
be seen that such an elaborate connection requires the most exquisite, 
balanced, and harmonious functioning. 

Defects of speech come under the following category: 
Mechanical: 

Tongue tie 

Organic lisping 

Nasality; due to the obstruction of sound waves in their passage 

through the nose. 
Nervous and mechanical: 
Stuttering; due to spasmodic contractions of the breathing or 
articulatory apparatus, or both. 
Nervous (organic): 

Spastic speech; due to over-innervation of the speech muscles. 

Scanning speech; due to Friedreich’s ataxia. 

Indistinct, blurred speech; due to progressive bulbar paralysis. 

More or less complete loss of articulation; due to involvement of the 

basal ganglia. 

The aphasias; due to involvement of the various speech areas. 
Nervous (functional) : 

Negligent lisping; due to imitation. 5 th 

Hasty speech; characterized by precipitant utterance, due to imi- 

tation, fear of stuttering, rapid flow of ideas, or fear of interrup- 
tion. 

* Swift, W. B., ““Speech Defects in School Children and How to Treat Them.” 


| both due to malformations of the mouth. 
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Speech panic, or speech without inhibition; due to mental con- 

fusion with reference to speech, or to emotional excitement. 

General Etiology.—E. L. Kenyon* states that there are at least one 
hundred and fifty thousand cases of stammering in the United States, 
and that 95 per cent. of them are initiated during the speech develop-_ 
ment period, about 87 per cent. in males. ‘ 

Some of them are due to defects of hearing, some to adenoids, 
enlarged tonsils, missing teeth, high or defective palate, some to 
laryngeal difficulties. Others, on account of the emotional strain 
involved, owe their origin to an environment that is capable of pro- 
ducing a nervous twist—an unreasonable parent, a bullying big brother, 
any older person who laughs at or frightens the child, adjustments 
socially difficult for the shy child, insufficient sleep, fatigue from too 
much work or play, over-excitement from movies, coffee and insuffi-. 
cient food, mental defect, and inherited or acquired neuropathic 
tendencies. 

Treatment.—It is often said that speech defects will be outgrown. 
This is so rarely the case, and results are so difficult to correct in later 
life, that great harm may be done by such advice. Stammering at 
best is very difficult to cure; the earliest indications of it should place 
the family of the patient on their guard, and great care should be at 
once instituted in regard to diet, sleep, exercise, happy firm even- 
tempered control, and freedom from all unnecessary irritation. On 
the other hand, stammerers should not be taken away from the surround- 
ings in which they must eventually live. The patient must learn to 
live in and to live above the social difficulties of his environment, 
difficulties which have perhaps contributed largely to the embarrass- 
ment lying at the root of the condition. 

Treatment is directed toward proper breathing, toward the correc- 
tion of phonetic defects, and stuttering. Exercises in breathing 
accomplish double results: first, sustained control of the breath; 
second, concentration. As stuttering, and speech panic in large 
measure, and hasty speech in less measure, are due to mental flounder- 
ing, to scattered concentration, the mind by embarrassment being 
confused or turned in upon its own consciousness, it becomes necessary 
to train the patient to a habit of objectifying his speech mechanism. 
He must acquire the habit of turning his whole attention automatically 
away from himself to the thing he is doing. He begins with a series of 
breathing exercises; these are followed by exercises in which the voice 
is held on a single musical note, or various notes. Presently a word 
is substituted for the pure sound; later sentences. As an aid to concen- 
tration, Swift advocates the use of such words or ideas in practising 
as involve strong visualization; for example: mother, star, lamb, etc. 

The treatment of phonetic defects includes the following divisions: 
(1) Muscular development. (2) Ear sensitiveness. (3) Mental 
reproduction of sounds without vocal utterance. (4) Production of 


tae Problem of Stammering, and its Solution, The Laryngoscope (Sept., 
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muscular codrdinations of speech, 7.e., the proper position of the 
external organs of speech for the articulation of vowels, consonants, 
or words not uttered, but imagined. This treatment, to be successful, 
should be continued till a correct and permanent habit is formed. In 
the space allotted to the subject here, it is possible only to refer to the 
main steps; for details see Dr. Kenyon’s article and the bibliography 
at the close of this subject. 

Swift advises that speech defects in school systems be under the 
superintendence of a physician who has been trained as a speech expert. 
He should have detailed knowledge of. every case and should direct 
and outline the treatment. One teacher in each school, doing part- 
time grade work, should have special training by the superintendent, 
and conduct speech defect work with individual pupils, or in small 
groups, as the cases may require, either during school hours or 
perhaps preferably after school (in the latter case with special remunera- 
tion). Scientific records should be made, filed, and reported to the 
superintendent. ; 

Children having phonetic defects may be regarded as cured when 
the new pronunciations have become easy, automatic and unconscious 
in ordinary conversation for a month. They should then return for 
observation, first at two-week intervals for three months, then at one- 
month intervals for a year. The stutterers require watching for 
two years 
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MENTAL HYGIENE 


The hygiene of the nervous system involves the brain, medulla, 
cord, nerves, sensory organs and sympathetic nervous mechanism, 
the motor apparatus, the visceral organs: heart, lungs, kidneys, the 
endocrinous glands, etc. It involves development, integration and 
disintegration within the organism itself and adjustment to an ever 
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changing environment. It involves reflex acts, those fundamental 
instincts with which the organism is either equipped at birth, or which 
develop later; sensation, perception, habits, association, memories, 
imagination and such activities of nervous matter as produce the higher 
intellectual processes; conception, judgment and reasoning. Itinvolves 
the internal emotional forces that furnish the inspiration and trends of 
behavior and the tendency of instincts to strive persistently for the 
accomplishment of their natural ends. This latter tendency involves 
attention to a high degree and, if combined with efficient habits results 
in volition which controls and subdues emotion, produces stability and 
unity and power to rise from one level to another. All of these factors 
have a biological foundation and are developed as the result of 
experience, either inherited or acquired. It is the purpose of this 
article in the limited space allowed to study cursorily and very simply 
both normal and abnormal psychology and behavior from this point of 
view and to indicate, in a more or less general way, methods that have 
proven to be practical in securing hygienic mental habits or education. 

Reflex Acts.—Life, from its most simple to its most complex 
forms, is dependent upon the power of the organism to breathe, to 
eat, to circulate oxygen and food and to eliminate waste products. 
The very necessities of development require a certain amount of funda- 
mental equipment and the ability to respond automatically, without 
conscious thought, in certain definite, hard and fast ways to certain 
corresponding definite stimuli. 

In the early forms of life, before the development of the central 
nervous system, these stimuli are received by some sort of a sensory 
apparatus, the impression is conveyed by some kind of a path of 
conduction and a synapse or synapses exist somewhere which receive 
the impression, connect it with and send it out from the motor centers 
to the motor organs. These simple reflexes are called simple or 
““unconditioned”’ reflexes. 

Before the experiments of Pavlov and his school it was supposed 
that the response to every primary reflex was the result of some specific 
stimulus and that this was invariable. If for instance, secretion 
from a secretory organ such as the salivary gland was desired, food in 
some form was of necessity the specific stimulus that produced the 
response. Pavlov’s experiments show that if another sensory stimulus 
is associated with the act of feeding at the same time or with sufficient, 
intensity, or even if the stimulus is indifferent but repeated frequently 
with the primary stimulus, there occurs what is called a “conditioned 
reflex” which in time is capable of being invoked independently of its 
original associate; in short, “A conditioned reflex is a reflex produced 
by any indifferent stimulus associated with a biologically adequate 
stimulus so that the associated indifferent stimulus produces precisely 
the same physiological effect.’’* 

For example: if a dog is given a piece of meat saliva flows. This is an 


ss Burnham, W. H., The Significance of the Conditioned Reflex in Mental 
Hygiene, Mental Hygiene, v, No. 4 (Oct., 1921), p. 673. 
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unconditioned, invariable reflex. If, each time the meat is given, a 
bell is rung, the sound alone eventually invokes the same flow of 
saliva. This, a physical example of the ‘conditioned reflex,” is the 
result of association and is therefore performed by the cortex. Such 
instances are not confined to physical experiences but occur in every — 
avenue of activity in the life of higher animals, especially in man. 
The possibility of substituting associations that are naturally remote 
for those that are direct make the ramifications of the “conditioned 
reflex” enormous. Conditioned reflexes start probably before the first 
year of life and eventually affect habits, association systems, mental 
attitudes, emotions and action. They correspond in some degree 
probably to the “acquired afferent inlet” of McDougall (Social 
Psychology). 

Shock, resulting from sudden noise or the appearance of terrifying 
objects, produces permanent harmful associations which continue to 
create fear with the re-occurence of the noise or the re-appearance of the 
same or similar objects long after the child’s mind is capable of under- 
standing the innocent character of the cause. If conditioned reflexes 
controlled the situations of life without modification, behavioristic 
problems would be insurmountable. Fortunately the law of protagon- 
ist and antagonist, of action and inhibition works throughout nature. 
The power of inhibition in this relation also has been made clear by 
Pavlov’s School. Not only have they discovered the influence of 
secondary stimuli, the conditioned reflex upon secretion, 2.e., the 
possibility of substituting a sound et cetera instead of food as a stimulus 
but they have also found after thoroughly establishing the secondary 
factor, that this in turn may be influenced by a third factor which 
deters or inhibits the second, so that the first may resume its function. 
For example: when an experimental dog was struck immediately after 
or at the same time a flow of saliva had been instigated by the specific 
sound which had already produced a conditioned reflex of some sta- 
bility, the new stimulus inhibited the specific stimulus so that the 
saliva did not flow. Such inhibitions occur with every conditioned 
reflex and serve to give the organism unity of action and stability. 
They begin to appear before the end of the second year. This process 
is multiplied: “Each extra stimulus in turn inhibits the conditioned 
activity of the brain, superimposing itself on the process it’ encounters 
in every part of the same. If it meets with excitation, it inhibits the 
excitatory process; if it meets with inhibition, it inhibits the inhibition.” 
Thus the child starts his career free and unconditioned. By the end 
of the first year, the relative intensity of associating factors produces 
conditioning of the organism’s reactions and by the end of the second 
year social adaptation requires the inhibition of these associations. 
The inhibitions of life produce two effects. Under normal conditions 
they produce habits of self control. On the other hand, many of the 
more inconsequential usages of polite society produce habits of inhibition 
which cripple and stultify some of man’s noblest possibilities for capa- 
cious development and service. 
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Instincts.—As the conditions of organized life become more com- 
plex, both survival and progress require the united coéperative effort 
of a number of reflexes for the accomplishment of functions that are 
essential to existence. Instinct is, however, something more than a 
compounding of reflexes; each instinctive experience having its origin 
in a* ‘‘sense impression or combination of sense impressions, psychic in 
nature, which excite some perfectly definite behavior, some movement 
or train of movements which is the same in all individuals of the species 
and on all similar occasions; in general, the behavior so occasioned 
being of a kind either to promote the welfare of the individual animal 
or of the community to which he belongs, or to secure the perpetuation 
of the species.’’ Specifically, instincts, as a rule, involve adjustments 
to heat, cold, the procuring of food and the development and protec- 
tion of the person or family. These functions are so important and 
they are so intimately bound by the desires or satisfactions and the 
annoyances or repulsions of life that they arouse emotion almost as 
soon as they are invoked, thus becoming paramount determiners of 
animal behavior. Instinctive behavior occurs either as the result of 
attraction or repulsion. In either case, it is the tendency of any 
instinct aroused to fulfill itself and thus requires volition. We have 
therefore in instinct the germ of mental, emotional and self-directive 
life. This is well shown in the experience of a hen and her brood when 
a hawk appears in the sky. The hawk is an ancestral foe from whom, 
whether experienced or inexperienced, gentler birds have an innate, 
unlearned tendency to protect their young, to flee and find refuge. 
The instinct is aroused by information conveyed by the senses to the 
mind, producing instantaneous emotion in the form of fear, which 
results at once in repulsive action, manifested in weaker animals by 
flight and concealment; action which dominates the subject until 
she accomplishes her purpose. The following is Kilpatrick’s list of 
instincts: 

I. Individualistic, or Self-preservative Instincts: 
Feeding 
Fearing 
Fighting 
II. Parental Instincts: 

Sex and courtship instincts 
Singing 
Self-exhibition 
Fighting for mates 
Nest building 

III. Group or Social Instincts: 
To arrange themselves in groups 
To codperate for the common good in attack and defense 
Seeking companionship 
Desiring the approval of the group which one joins 
Pride 
Ambition 
Rivalry 
Jealousy 


* McDougall, “Social Psychology.” 
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Embarrassment 
Shame 
IV. Adaptive Instincts: 
Tendency to spontaneous movement 
Tendency for nervous energy to take the same course that has just been 
taken 
Tendency to imitation 
Tendency to play 
Tendency to curiosity 
_V. Regulative Instincts: 
The moral tendency to conform to law 
The religious tendency to regard a higher power 
VI. Resultant and Miscellaneous Instincts and Feelings: 
The tendency to collect objects of various kinds and enjoy their ownership 
The tendency to construct or destroy, and the pleasure of being a power ora 
cause 
The tendency to express mental states to others of the species and to take 
pleasure in such expression 
The tendency to adornment and the making of beautiful things, and the 
aesthetic pleasure of contemplating such objects. 


The following is a brief résumé of Thorndike’s* analysis of the 
inherited tendencies of man: 

Large Body Movements.—Placing the body in position (sitting) ; mov- 
ing from one position to another (running). 

Movements of Individual Parts of the Body.—Kicking, crying, 
manipulation, and investigation, appropriation or rejection of objects 
that are grasped. 

These movements in various combinations are employed for the 
purpose of securing certain materials or situations that seem essential . 
to life or comfort, and include food getting, shelter getting, defense, 
and sex behavior (the latter after adolescence). There are also play 
responses; such as following the crowd, rivalry, imitation; and certain 
general tendencies, such as the tendency to change the original responses 
and to develop skill not present in original nature; the tendency to 
pick a situation to pieces and to respond to certain aspects of it; 
the tendency to get sensations and to be satisfied with mental control 
of sensations (frequently called curiosity, constructiveness and de- 
structiveness, but probably not thus distinguished in original nature) ; 
the tendency to be satisfied when an instinctive response is successful, « 
and annoyed when it is not, or to be satisfied by certain sensations or 
conditions, and annoyed by others. “Things that satisfy or annoy 
are of overwhelming importance in establishing habits.”’ Thorndike 
names the following as independent sources of annoyance: “pain; 
bitter tastes; the sight, touch and smell of entrails, excrement, and 
putrid flesh, touching slimy things; depression, as in fear, grief, the 
absence of human beings, their disapproving behavior, and very 
intense stimuli of all sorts.” 

“The chief independent satisfiers are sweet, meaty, fruity and 
nutty tastes; glitter, color and motion in objects seen; being rocked, 
swung and carried (in childhood) ; rhythm in percepts and movements; , 


* Thorndike, Edward L., Educational Psychology, i. 
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elation; the presence of human beings, their manifestations of satis- 


faction, and their instructive, approving behavior”’. eS Other 
things being equal, to have sensations, to initiate movements, and to 
make things happen are satisfying . . . Tendencies to general 


mental activity and general physical activity, when given exercise, 
satisfy; and when denied exercise, annoy. The conduction units 
involved in many situations—response series—also in due time crave 
exercise, 7.e., become ready to act, so that imaging or thinking may 
as truly become a want as food when hungry, or capture after a chase. 

“On the whole, it seems best to assume, subject to further know]l- 
edge . . . that any state of affairs is originally satisfying which lets 
a conduction unit that is ready to conduct do so, and that any state 
of affairs is originally annoying which forces an unready conduction 
unit to conduct or restrains from conducting one that is in readiness. ’”’* 

Reference is made later to a study by Thomas of the desires of 
Polish immigrants... These he classifies as desire for new experience, 
for mastery, for recognition, and for safety (p. 1003). It would seem 
as if these four points very nearly cover the ‘“‘satisfiers’? enumerated 
and described by Thorndike, and that it is important to recognize their 
existence as well as those of the annoying type, as factors to be dealt 

with intelligently. 

Each instinct has its own time for appearing, and can be atrophied 
by disuse, or developed by use. The adaptive instincts; imitation, 
curiosity, constructiveness, acquisitiveness, and play, and the regula- 
tive instincts, moral and religious behavior and some aspects of fear, 
have such an important place in the development of the child that 
their proper cultivation is very essential. On the other hand, instincts 
of shyness, unsociability, secretiveness, jealousy and other aspects of 
fear are sometimes the source of obsessions and serious mental disease. 
If they are recognized at the proper time, they can almost always be 
successfully eliminated. 

The following is a statement of the more noticeable instinctive 
physical and mental characteristics that appear from infancy to 
puberty: 

Infancy to Three Years.—This is the most rapid period of growth; 
‘body movements are large and fundamental, and made without sus- 
tained attention. They are due to the instinct of multiform physical 
activity. See Thorndike’s analysis above. Other instincts which 
appear at this time are feeding, fearing which begins early, anger with 
and without fighting, jealousy, embarrassment, tendency to habit 
formation, to imitate, to play, to curiosity, to express mental states to 
others of the species and to take pleasure in such expression. Theability 
of the senses to perform their particular functions is developing rapidly 
and speech is being acquired. The child imitates the exact movements 
and sounds of adults and plays alone or with adults. The importance - 
of this period cannot be over-estimated for it is at this time that the 
emotional trends are established. The future of the child depends 

* Quoted by Hartshorne, “Childhood and Character.” 
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largely upon the ability of parents to organize the child’s instincts 
and habits at the outset so that there shall be regularity of behavior and 
a constant uniform relation between cause and effect. As has been 
said, conditioned reflexes originate in the early years of life. They 
originate for the most part in connection with the mother‘s appearance 
and attitudes. Fear, anger, love in their various manifestations, act 
as stimuli and produce tendencies not only directly but also by means 
of their associations. Imagination appears about the third year. 

Four to Six Years——There is steady progress in physical growth, 
but poor coérdination. This is a period of free motor activity and 
dramatization, the latter being based upon the imitation of adults, 
which the child adapts to his own play concepts. Children play with 
other children at this time, and imitate them freely, but they are selfish 
and assertive and, for the most part, codperate poorly with each other. 
Imagination is vivid and interest (curiosity) is at a high pitch, as 
indicated by the questions which at this period are interminable. This 
is also the time to stress regular biological habits of sleeping, eating, 
and body functioning. 

Seven to Nine Years——The quantity of motor activity is lessened ; 
skill and feats of strength, however, enter into the child’s motive. 
Individualism, competition, emulation, and the instinct of self-asser- 
tion are the prevalent forces. Physically, heart development falls 
behind the growth of the body as a whole, while the large blood 
vessels develop more rapidly.* It is, in general, a period of slow 
physical development, amounting, not infrequently, to physical 
retrogression, with weakness of the heart (p. 946). 

The age of nine years and the early part of the tenth year is oftena 
very difficult period. There is a transition involving the mind and 
the body which makes radical adjustments necessary. Body changes 
are represented by a difference in reactions to immunity, and person- 
ality changes; by substitution of multiform mental activity for 
multiform physical activity (p. 922). It is just at this period that 
children as a whole seem to regress. It is because they are leaving 
childhood behind and are not yet adjusted to the greater responsi- 
bilities that are just ahead. 

Ten to Twelve Years.—This is the height of physical energy; more 
games are played now than at any other time. There is far greater 
coérdination of sensory and motor activities, so that skill stands out 
obviously as the predominant motive. Children of this age are 
acquisitive. This is in correspondence with the general tendency 
toward ,individualism, and is manifested by collections of stamps, 
buttons, ete. The tendency to acquire objects becomes universal at 
this age, and lasts through adult life. Even though group plays (team 
games, etc.) are common at this period, the group spirit is submerged 
by the individual’s impulse to glorify himself in the game. It is an 
important point that children at this time are less interested in adults, 
and less influenced by them, than at any other period of life. 

* See Gundobin, ‘‘ Besonderheiten des Kindesalters,” p. 124. 
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Thirteen to Fifteen Years.—These years are characterized by the 
greatest increase in muscular development and control of the accessory 
muscles. The size of the heart increases rapidly in relation to the 
blood vessels, and the blood pressure, lung capacity, and grip are also 
increased. Association fibers of the brain develop extensively; there 
is rapid and often unstable development of the emotions; love, pity, 
fear, anger, jealousy, emulation, ambition have a new awakening, 
corresponding with the development of puberty. On the other hand, 
there is also a growth of such characteristics as laziness, awkwardness, 
self-consciousness, tendency to reverie, dreams of greatness, manner- 
isms, self assertiveness, and desire to show off. The herd instinct* 
here appears, it is the period of hero worship, and it is also the age at 
which the group or social instincts and the regulative instincts appear. 
A spirit of altruism is prominent, there is greater susceptibility to both 
religious and criminal tendencies, and of choice. It is fortunate that 
the heroes are usually adult instead of youthful companions. 

Sensations.—There are evidences very soon after the birth of an 
infant that it becomes conscious of light. At least, if a bright light 
comes within its range of vision, there is a diffuse muscular reaction; 
that is, the arms and legs, in fact the whole body, responds by large 
purposeless movements. If the light is too strong, the child sometimes 
cries. By the same signs it is apparent also that loud sounds are 
recognized very early. Light, sound, heat, softness, size, pain, etc., 
are qualities which compel adjustment of the body. They arise either 
as a result of the internal spontaneous physical activity of the body, 
such as movements of bones and joints, sensations from body functions, 
etc., or from external objects. When a specific quality consciously 
stimulates the sensory organ designed to respond to it, there is an 
adjustment of that organ, and the result is a sensation emanating from 
and related to the object from which it arises. The object, however, is 
not recognized as such, consciousness at this very early stage dealing 
only with qualities or with the vaguest and most rudimentary percepts. 
Sensation, therefore, is the earliest intelligent reaction, and the basis 
from which all mental progress develops. Two facts are of paramount 
importance in connection with sensation: first, the necessity of 
normal sense organs and a normal nervous system; second, the neces- 
sity of sensory training for the purpose of producing habits of careful 
observation and accuracy, together with a growing richness of mental 
experience (articles on Visual and Auditory Defects). 

Perception.—Pure sensation which occurs only with the individual’s 
first experiences is unattached and therefore meaningless. In order 
to make it of significance the muscular apparatus is compelled to make 
such an adjustment that the object from which it emanates is experi- 
enced. Every object is composed of a permanent group of specific 
qualities, which give it its individuality and make it different from 
every other object. Each time an adjustment is made the constancy 
of the relation of the qualities that make the object becomes more 
evident. A preception, therefore, may be defined as the conscious- 


*'Frotter, W., “‘Instincts of the Herd in Peace and War.” 
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ness of an object or thing produced by the stimulation of sense organs, 
to which we always react in the same way. The extent and accuracy 
of an individual’s perceptive background depends upon his native 
ability to observe, his opportunities for observation; 7.e., travel, 
experience, etc., and his training in observation. Some teachers use 
crude, unassociated sensory material in developing a sense of color; 
for instance, they teach children to match colors without any signifi- 
cant objective basis. If pure sensation is meaningless, it can be 
readily seen that in developing sensory discrimination the learning 
process will be greatly facilitated if color, for example, be taught not 
arbitrarily, but in its rightful connection with objects or percepts. 
It is clearly an advantage to teach green in association with grass 
and trees, blue with the sky, yellow with dandelions. When the essen- 
tial relations of qualities and objects are established there is a founda- 
tion for further steps in consciousness. 

Habit.—In discussing sensation, mention was made of the fact 
that when the eye or any other sensory apparatus is stimulated, large 
spontaneous muscular movements of the entire body result. Out of 
this diffuse reaction some particular movement may occur that accom- 
plishes a purpose and brings satisfaction. Efficient action in some 
definite direction makes a deeper impression upon plastic nervous 
tissue than diffuse action, therefore when the same stimulus is repeated 
the response is likely to follow the efficient pathway. This is the 
beginning of habit. Habit, therefore, from the neurologic point of 
view has been defined ‘“‘As a path of preferred conduction between 
stimulus and response set up by and due to the life experience of the 
organism. ”’ 

Habit, with instinct, is the basis of behavior. Consider, for 
example, the habit of punctuality, which begins with the child’s second 
feeding experience. Irregular feeding habits engender harmful 
emotional and unhealthful biological reactions; the beginning of disor- 
dered emotion, uneasiness and crying, disturbed digestion, poor 
appetite, malnutrition, diminished immunity, and irregularities of 
“sleep and waking, and resting and activity.”” Regular feeding habits 
produce a feeling of coeneasthesis and healthful biological reactions, and 
form the background not only of the individual’s capacity for an 
appreciation of time values, but for a consideration of the corre- 
sponding time values of his fellows. Social and anti-social relations 
are closely correlated with punctuality. Any single habit of punctu- 
ality rapidly organizes into systems of related habits, and then into 
hierarchies in which the universe itself is in correspondence. The 


child who is out of harmony with such firmly set foundations is 


seriously handicapped from the start. 

Correct habits simplify movements, increase speed and accuracy, 
diminish fatigue, permit the performance of several activities at the 
same time on account of their automatic nature, and leave the mind 
free to do more difficult things. When any new habit is begun, 
progress is very rapid at the outset. After a time, however, unless 
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there is a sufficient incentive, perhaps because interest is lost, perhaps 
on account of some defect in the automatism, progress slows or stops. 
At this juncture it is important to analyze the separate factors which 
compose the habit, in order to discover which one is causing the diffi- : 
culty. In number work the trouble may lie in a lack of familiarity 
with the multiplication table or number combinations. In physical 
education or in the play of little children* progress may cease until 
awkward movements are substituted by simpler, freer types. If it 
becomes necessary to make such new adjustments, there should be a 
thought crisis or definite consideration of the situation to bring about 
an understanding of the difficulty, followed again by more intelligent 
practice when, once more, the new method becomes automatic, and 
progress proceeds. ‘The higher the incentive to the formation of a 
habit, and the more uniformly this incentive is maintained, the more 
rapidly and the more uniformly will the habit be formed.” Watson 
records some very illuminating experiments made along this line. 

Allusion can only be made here to James’ rules for the establish- 
ment of habit. They will be found in ‘‘The Principles of Psychology,” 
(1890), i, Chap. iv. In short they are as follows: The necessity 
“of launching the undertaking with as strong an initiative as possible, 
of allowing no lapses, of taking advantage of every concrete oppor- 
tunity to act in the right direction, and to keep the faculty of effort 
alive by a little gratuitous exercise every day.” In dealing with 
little children, emotional elements such as happiness, comfort and 
freedom are prime essentials in establishing good habits, because 
through them interest and coéperation can be secured. Colvin empha- 
sizes the value of eliciting the child’s power of imitation by using 
stories of soldiers to secure better habits of posture. Miss Bancroft’s 
methods (article on Posture) with older children obtain the same 
habits, and even drill can be made attractive by the use of charts which 
demonstrate to the child his own progress. 

Volitional life is also largely the result of habit. If habits of control 
form the background of moral behavior, if the child is educated from 
the beginning, he establishes habits that lead to stability and unity; 
habits of self control, independence, initiative, ‘‘habits for team work, 
an ability to mix, to respond to others, and to make them respond, 
an ability to understand and to be understood, and to enjoy and to 
be enjoyed, to meet the unusual or perhaps the undesirable, such as 
sickness, and varying amenability to discipline and to guidance, and 
capacities to assume responsibilities and duties.’”? Thus he is fitted 
for avery high degree of personal satisfaction and of moral and social 
usefulness. 

Education is the process of development that occurs in an organism. 
It is based upon the instincts or spontaneous tendencies of the indivi- 
dual’s original equipment, upon factors in the environment, with and 


* See illustration, Colvin, “Learning Process.” 
t “Suggestions of Modern Science Concerning Education,’’ p. 84, ete. 
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without “conditioning” and is controlled and integrated by the 
establishment of habit. 

Psychologists are endeavoring to find those methods in the learning 
process which will conserve mental and physical energy, develop latent 
and overt ability, and establish a rational hygiene of instruction. The 
learning process has certain fundamental experiences that are common 
to all learning. An understanding of them, therefore, is essential 
in considering the facts that lie behind the hygiene of instruction. 
The effect of instinct, environment, and habit as educational deter- 
miners may be'seen any day in the spontaneous play of children. A 
typical illustration of the learning process demonstrated through play 
was seen recently by the author in the day coach of a western bound 
train. It is related exactly as it occurred: 
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A young mother who had had a nurse’s 
training was busy knitting and chat- 
ting with a fellow traveler. 

Her fat, happy little son, 214 years of 
age, 

slipped down from beside her to seats 
across the aisle arranged vis a vis. 


‘The open space between these seats pre- 
sented an interesting situation to the 
child. He climbed upon one of them 
with some difficulty, 


and then cautiously, in a creeping posi- 
tion, began the comquest of his task. 


Facing the opposite seat, he reached 
over, first placing one hand on it, and 
then the other, following this by the 
legs in rapid succession. When he 
was safely across 

he started tego back, repeating the proc- 
ess until he was possessor of a well 
fixed and well coérdinated series of 
habits of motor control. 

“The next procedure was to jump across 
the space in the upright position; 
first, one foot at a time. Later he 
bridged the gap in a standing broad 
jump. 


A sensible mother; freedom. 


A normal nervous system and a normal 
body. 

This is a response to confinement, and 

involves cerebral connections 
pressed in mental control and curi- 
osity, gross bodily control, minor 
bodily movements expressed in play. 
The child also shows initiative. 
Visual exploration, concentration, 
choice of a problem, and a vague 
desire to accomplish a purpose, which 
becomes better defined as activity 
progresses. Mental and bodily con- 
trol. Procedure is based partially 
upon the memory of success in similar 
previous experiences. Judgment of 
probable success or failure is based 
upon sensory and emotional memory. 
Measurements of space are deter- 
mined by eyes, muscle .sense and 
previous motor experience. 

Fear is overcome by the tendency to 
have pleasure in being a power, and by 
interest and courage based on previous 
success. 

Trial. Success. 


Motor habits established. 
Development of positive self feeling, or 
assurance. 


Awkward and useless motor codrdi- 
nations are discarded, and better 
habits of motor control established by 
elimination of early biological mus- 
cular adjustments. Action is more 


ex= . 
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This last performance was accompanied 
by all the manifestations of mastering 
behavior: Shouting, laughing, and 
wild swinging of arms. 

This attracted the attention of another 
boy in the car who was, perhaps, a 
year older, long limbed, and agile. 


Disdaining the attainments of the 
younger one, No. 2 at once began to 
scale the heights of the adjoining seat 
backs, and succeeded easily in vault- 
ing over them. 

The fat little boy (No. 1) at once tried 
to follow him. 


but failed repeatedly. 


Finally he gave it up, and withdrew 
altogether. 


Sitting quietly, without special occupa- 
tion, by his mother. 

Some stations farther on, the older boy 
left the train with his father. 


Then the little fellow tried the seat 
backs again, and this time, with con- 
siderable effort at first, he dragged 
his body over them. 


Back and forth he went, each time more 
easily, until he had mastered the 
situation. 
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precise, rapid, automatic and sure. 
Result: Conservation of energy and 
increased ability. 

There is the freedom of a perfected 
action, “The inspiration of power 
felt,’ accompanied by manifesta- 
tions of exuberant joy. 

The appearance of a second child, No. 2, 
who had reached the gregarious stage, 
while the little fellow 214 years of age 
still preferred to play alone. 

No. 2 undertakes successfully a much 
more difficult problem. 


Observation of another’s performance. 
Recently gained assurance trans- 
ferred to new situation. Ambition, 
rivalry (social instincts), imitation 
(adaptive instinct). 

Adaptive difficulty. Conflict, trial, and 
error (failure). 

Shame. Negative self-feeling and sub- 
jection. Disappearance of joy, and 
withdrawal. 

Rest; time for association processes to 
organize. 

Removal of irritant. If this boy had 
been a frequent companion, he might 
have become a “conditioned reflex,” 
which would have seriously hampered 
the development of No. 1. 

Repeats efforts in which he failed pre- 
viously. Adaptation secured. Trial 
—Success! Reéstablishment of posi- 
tive self-feeling, or elation, and con- 
flict reduced. 

Repetition. Habit formation. Results 
in better mental and motor associa- 
tions, and self control. 


The above illustration should serve to emphasize certain character- 


istics of the learning process which are essentially hygienic. 


Free self 


activity combines with interest, producing initiative and concentra- ~ 


tion. 


Interest overcomes fear, and quickens sensory and motor 


adjustments. This results in conservation of energy by the abandon- 
ment of superfluous coérdinations, and a permanent and a higher 
integration. And further; it represents a factor in education that is 
stressed by many of the best teachers to-day. Both John Dewey and 
Mrs. Marietta L. Johnson of Fairhope, Alabama, emphasize the im- 
portance of freedom. Children, they believe, should have the experi- 
ence of choosing their occupations and of carrying them through to 
an end. Dr. Dewey has epitomized the significance of such episodes 
as the above, which represent the fundamental factors of efficiency 
in education, in the title of his book: “Learning by Doing.” 
Association.—If a beaten path appears in the forest, the unaccus- 
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tomed traveler chooses it. Everything else being equal, it is both 
the way of least resistance and the path which leads somewhere; that 
has a connection already established. All experiences must have 
occurred before to have formed associations. Thus it is that associa- 
tion is the result of habit, habit being the pioneer that deepens the 
trail in nervous tissue over which associations proceed and by which 
permanent connections become possible. 

Nervous tissue has a tendency to bind experiences which have the 
following relations: 


1. Those which are related in time and space. 

2. Those which are sufficiently similar or different to produce 
interest and hold attention. 

3. Those which are particularly vivid. 

4. Those which have been frequently repeated. 

5. Those which have been recently repeated. 

6. Those in especial harmony with the personality of the individual 
or with his mood at the time they occur. 


Associations with close time and space relations, and with relations 
of similarity or difference are called primary associations because they are 


stronger than the others. We say ‘‘This reminds me of that’’ because 


it may have some point of similarity or difference, or because it 
occurred at the same time, or because it may have occurred in the 
same situation. Vividness depends upon the force of the initial 
blow, and this depends not only upon the imaginative skill of the 
producer of the impression, but also upon the imaginative impression- 
ability of the receiver. Emotional experiences are apt to be more 
vivid than intellectual, because they are so closely related to the 
desires of organic life. Attention is definitely focused upon connec- 
tions of this type, therefore they do not easily fade. Intellectual 
associations are coupled with vividness when the subject matter is of 
great moment, or presented with brilliancy and power, and this depends 
both upon the clearness of the original perceptions that gave rise to 
the ideas presented, and to the reactions which they produced. 

In order that material may become thoroughly incorporated in 
the mind, it should be associated so far as possible with a background 
already established; not in isolation. It is necessary to fix some of our 
fundamental knowledge, however, in quite a different way; that is, 
by repetition or drill, as in the multiplication table. At best, this is 
a laborious process, because it has so few interesting connections. To 
secure satisfactory learning of this type outside ’factors must be intro- 
duced. Emulation with others in the same class, or with the child’s 
own previous record, which can be watched if his daily progress is 
charted, serves in some degree as compensation for interest. 

Directness of association is a very important factor in connection 
with school hygiene. Little children and stupid children are benefited 
by a proper use of devices such as maps, the abacus, etc., because they 
help in fixation. If they are overemphasized, however, nervous 
children are sometimes harmed by them because they can produce 
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disorderly or unimaginative mental activity. Instead of serving only 
as the scaffolding, for which they were intended, they can be used 
in such a prominent way that they become permanent features like 
a “half-way house” at which the mind is forced to stop on its way to 
the goal. For instance, children who have used the abacus in learning 
number combinations sometimes continue to bring it before the mind 
in every number operation long after their number habits are suffi- 
ciently formed so that they could do without it. Other teachers overdo 
the map device. The beauty, power, and economic value of Niagara 
Falls may dwindle into insignificance before a spot on the map. 
The ingenuousness of Huckleberry Finn, for the purpose of scientific 
illustration, may be a little overdrawn, but he is an admirable illus- 
tration of the point at issue.* 


‘There was one thing that kept bothering me, and by and by Isays: 
‘Tom, didn’t we start East?’ 
- ‘Yes.’ 

‘How fast have we been going?’ 

‘Well, you heard what the professor said when he wasraging round: 
sometimes he said we was making fifty miles an hour, sometimes 
ninety, sometimes a hundred; said that with a gale to help he could 
make three hundred any time, and said if he wanted a gale, and wanted 
it blowing in the right direction, he only had to go up higher or lower 
to find it.’ 

‘Well, then, it’s just as I reckoned. The professor lied.’ 

‘Why?’ 

‘Because, if we was going so fast, we ought to be past Illinois, 
oughtn’t we?’ 

‘Certainly.’ 

‘Well, we ain’t.’ 

‘What’s the reason we ain’t?’ 

‘I know by the color. We’re right over Hlinois yet. And you can 
see for yourself that Indiana ain’t in sight.’ 

‘I wonder what’s the matter with you, Huck. You know by the 
color?’ 

‘Yes, of course, I do.’ 

‘What’s the color got to do with it?’ 

‘It’s got everything to dowithit. Illinois is green, Indiana is pink. 
You show me any pink down here, if you can. No, sir, it’s green.’ 

‘Indiana pink? Why, what a lie.’ 

‘It ain’t no lie. Ive seen it on the map, and it’s pink.’. 

You never see a person so aggravated and disgusted. He says: 

‘Well, if I was such a numbskull as you, Huck Finn, I would jump 
over. Seen it on the map! Huck Finn, did you reckon the States 
was the same color out-of-doors as they are on the map?’ 

‘Tom Sawyer, what’s a map for? Ain’t it to learn you facts?’” 


Irrevelant or meaningless association by confusing the issue often 
produces the ground for mental conflict and worry. 


*Mark Twain, ‘Tom Sawyer Abroad.” 
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A number of the major psychoses characterized by flights and 
confusions are the result of disturbances of association. In a predis- 
posed child, serious arrests of mental development or the beginning of 
dissociation may occur, because the child has been placed in the hands 
of an unsympathetic, critical teacher. Retarded children and children 
who draw within themselves require an atmosphere in the schoolroom 
which will foster the development of rich, direct, well related associa- 
tions. This can be brought about by both interest and happiness. 
“Tasks, therefore, should be simple and definite; instructions clear 
and concrete; decisions and actions straightforward and whole hearted. 
Thus habits of orderly association are produced. ”’* 

Memory is the natural outcome of association, but in order to make 
ideas permanent in the mind, or in order to grasp them, there must be 
time for association processes to organize and consolidate. Rest, 
therefore, in some form or other, is absolutely essential as a final step 
in association. The following experiment by Mueller and Pilzecker 
illustrates this point: 

“After learning a series of nonsense syllables by the method of 
paired associates, 7.e., ‘baby—infant,’ etc., they gave the observer a 
task requiring concentration of attention a few seconds after the 
learning of the original series was completed. In another series the 
task requiring attention was given six minutes after the original 
series was learned. A test was made of what was learned one anda half 
hours afterward, and it was found that of the first series only 28 per 
cent. was remembered; of the second series 49 per cent.”’ ‘This is 
_ remarkable evidence,’’ adds W. H. Burnham,} ‘that a process of 
consolidation does occur. Haste in learning may defeat its own end. 
It is not a matter of indifference to health whether five or six hours a 
day for the long period of school life be spent in hurry, nervousness, or 
confusion, or in developing habits of concentrated attention and 
orderly association. The former conditions account for instability 
and nervous irritability among Americans, resulting in nervous break- 
downs, thus making re-education necessary.’’ Kraepelin’s paradox- 
ical statements are significant: 

“‘Tnattention in children is their salvation, and uninteresting 
teachers a hygienic necessity.”” And further: “Uninteresting teachers 
are also a pedagogical necessity because they alone give children 
the periods of idleness necessary for the organization of permanent 
memories of what may happen to be learned.” 

Imagination.—In the case of memory, if an object has made suffi- 
cient impression upon the mind, it can be recalled and, in a sense, 
re-experienced; but to fall within the realm of imagination it is 
essential that the object be recognized as having no real present rela- 
tion to the senses. Imagination, therefore, may be defined as the 
mental process by which we reproduce sensory objects and ideas in 

* Burnham, W. H., Mental Health for Normal Children, Mental Hygiene, ii, 


No. 1 (Jan., 1918). f 
+ Mental Hygiene in the School, Fourth International Congress of School 


Hygiene, iii. 


992 HYGIENE OF THE SCHOOL AGE 


ways not previously experienced, interpreting them to ourselves as 
unreal. Further, except in a few highly imaginative normal children, 
whose images are sometimes so fantastic as to partake of the nature 
of illusions and hallucinations, normal images are of such a nature 
that they will fit in as a genuine possibility with the other objects 
and experiences of the world. 

There are two kinds of imaginative thinking: Reproductive, which 
rightly belongs to memory and looks backward, and productive imagi- 
nation, by which the mind brings together previously experienced 
material in new combinations and relates itself either to the present 
or to the future. The mind is thus enabled to handle the objects of 
the external world and ideas with great flexibility, becoming creative 
and in the truest sense constructive. 

To be of value, it entails accuracy of sensation and perception, the 
power to recall, to form new ideas, and to reason about them. There 
are two main classes of imagery: object types and word or symbol types. 
Under the former occur all the concrete images that have been devel- 
oped through sensory experience, mainly through the eye, the ear, and 
the kinesthetic sense, z.e., the sense of touch and muscle-sense. The 
kinesthetic sense is sometimes used alone for the purpose of investigating 
the feeling of objects. Usually, however, it contributes to experience 
indirectly by reinforcing impressions gained through the other senses 
by movements that have been made in handling the objects that gave 
rise to the images. If the symbols used in imagination have been 
conveyed to the mind by the eye, they come under the category of 
visual imagery; if by the ear, auditory imagery; if recognized as the 
movement of the articulatory apparatus, especially the throat, they 
are called verbal-motor, a form of kinesthetic imagery. Gestures and 
dramatic symbolization also belong under the latter heading. Illustra- 
tions of visual imagery, are occasionally encountered in modern bill- 
board advertising. During the recent war several signs of similar 
character appeared, in which it was necessary to supply considerable 
proportions of the human figure by the imagination. Many will recall 
a poster consisting only of a soldier’s head, collar, hand and the rim of 
the cuff and wrist-band. The advertisers depended upon the past 
experiences and the imagination of the observer to supply the chest, 
shoulders and arms. Beethoven is a colossal representative of auditory 
imagery, all of his symphonies having been composed after he became 
deaf. There are very few exhibits so significantly pathetic as the 
collection of ear trumpets in a show case in his house in Bonn. From 
a sensory point of view, Helen Kellar owes the richness of her life 
entirely to kinesthetic imagery as the sense of touch has been her 
only direct medium of approach to the world. 

Word or Symbol Types——These have to do with the symbols or 
representatives of objects (see paragraph on the concept), such as words 
or heiroglyphics in writing, notes in music, etc. The child is not very 
old before he begins to use symbols or words independently and 
imaginatively without recalling the objects for which they stand. 
Were this not true, mental work would be so hampered by a multi- 
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plicity of detail that judgment and reasoning under ordinary conditions 
would be impossible (p. 998). Nevertheless, up to the fifth grade 
most of the work should be concrete; visual, auditory, or kinesthetic. 
By this time, however, the vocabulary has become more extensive 
and more strongly intrenched, so that verbal-motor imagery, either of 
the vocal organs or the hands, develops rapidly. 

Too much word or verbal imagery may make mental life unemo- 
tional and stale, but without it there will be no adequate intellectual 
life. It can be cultivated by mathematics, grammar and other highly 
formal branches. Controlled objective imagination is a source of 
great happiness, richness, and power for good. It can be developed 
advantageously in children by imaginative literature, by story telling, 
dramatization, nature study, geography and history.* All these 
forms; visual, auditory, kinesthetic, and verbal, require specific cultiva- 
tion, for they are the basis of constructive imagination to which the 
world owes its greatest debt; the debt to creative genius. It is difficult 
to say where the normal imagination ends and the abnormal begins. 
Sometimes children who are only three years of age live a large propor- 
tion of the time with imaginary companions, and in an unreal world, 
the keenness of their imaginations overwhelming the truth so that 
they are not able to discriminate between what is real and what is 
false. Usually this disappears, but sometimes it passes into patho- 
logical lying, and in children with neurotic tendencies, especially in 
those who have had an unhappy environment, imagination may be 
a source of serious danger, feeding the tendency of this type of child to 
create a world of fantasy, not logical nor based on fact, to which he 
can and does withdraw, thus putting himself out of contact with the 
adaptive difficulties of reality which are necessary for sane functioning 
and development. This may be potential dementia precox, and 
should be recognized ‘as a possibility in unhappy and _ habitually 
inattentive, non-coéperative children. It requires care in handling. 
The parents should provide playmates, both in the home and outside 
of it, and they should insist upon coéperation with them. Interesting 
material is also important in securing the child’s attention, but the 
reading of much fictitious matter for this type of child is harmful. 
_Responsible work, which is purposeful and largely physical, aids consider- 
ably, as does the establishment of habits of promptness, interference 
with every indication of day dreaming, and sometimes complete change 
of environment. Such children are usually delicate and require the 
most intelligent provision for rest and proper nutrition.t 

Memory.—All images that come before the mind are preceded by 
an original sensation, perception, or idea which has made a sufficiently 
permanent impression to be capable of recall. The process of repro- 
ducing experiences characterizes both imagination and memory but 
in imagination the experience is colored in consciousness by the belief 
that it is unreal, while in memory belief accepts the reality but relegates 

* See Colvin, “Learning Process.”’ 

+ Meyer, Adolph, Preventive Mental Hygiene, Psychological Clinic, ii, p. 90. 
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it to the past. James’ definition of memory is as follows: “Memory 
is the knowledge of an event or fact, of which meantime we have not 
been thinking, with the additional consciousness that we have expe- 
rienced it before.” This recognition of past experience is complex, | 
involving ‘‘a general feeling of past* direction in time, a particular date 
conceived as lying along that direction (a date defined by its name or 
phenomenal contents), an event imagined as located therein and 
owned as part of my experience.” The act of memory, however, 
includes not only the recall, recognition and orientation of data asso- 
ciated with experience, but it also includes the effects of experience or 
learning which have become permanent by the tendency of all situations 
to evoke the responses which have been connected with them.t 
Memory experiences, moreover, are not only accumulative but 
forever changing. Both nervous tissue and memory are modified 
by every new experience which occurs after the first impression is made. 

It is probable that all experiences produce impression upon nervous 
tissue. Those that seem to be lost are stored away in the sub-conscious, 
some of them to function beneficently while others introduce anxiety 
factors which absorb attention that should be focussed entirely upon 
the memory material during the time that the process of memory 
fixation is occurring. 

Impressions are fixed in two ways: By repetition or drill, and by 
association. It is necessary to learn some subjects, like spelling and 
the multiplication table, by the rote method, using the eyes, ears and 
the whispered voice simultaneously for reinforcement. Writing also 
is helpful in memorizing after it has become mechanical. Before 
this time it is a hindrance because the child’s attention is divided by 
the effort required in the act of writing itself. Rote memorizing is 
uninteresting at best and involves the drudgery of drill, but this can 
be relieved by helping the pupil to see the advantage of it, by emulation 
and by other suitable reward. Drill has a distinct value of its own, 
because it produces conflict with greater interests. If it is followed by 
success, it results, as does all successful conflict, in stability and mental 
hardness. 

Memory established by means of association isa much more effec- 
tive method of fixing impressions than repetition. The more paths 
that lead to any given idea, the more meaning it acquires; the greater 
interest it secures. Teachers with ingenuity have the happy faculty 
of devising legitimate measures for increasing associations with an 
interesting bearing upon the work. They recognize the importance 
of using as many aids as possible and in so doing frequently double 
the rate of learning. 

Space here is insufficient to elaborate the essential points in memo- 
rizing. The briefest reference only can be made to them, but the 
reader is referred to Colvin’s ‘“‘Learning Process,”’ Chaps. 9, 11 and 12, 
or any other good Educational Psychology. 


* Thorndike, “Educational Psychology,” i, p. 193. 
{Ibid pet 
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Efficient memory conditions are concentration of attention, orderly 
association, freedom from hurry and nervousness, mental poise, and 
an attitude of leisure. 

Meumann* designates four definite stages in efficient memorizing: 

1. Attention is directed to the material and its’ general nature 
discovered. 

2. The material is gone over passively (many stop here). 

3. There is active control of learning by analyzing the material in 
the light of its associations. 

4. The material is carefully reviewed, the salient points empha- 
sized, and-the whole organized on the basis of its associations. Out- 
lines demonstrate the fourth point and show the advantage of “partial 
learning.”’ The attempt to fix and retain all the items in ordinary 
subject matter is highly wasteful and less efficient in keeping on 
demand essential facts. There is, of course, some material, such as 
poetry, that requires verbatim learning. In memorizing material of 
this type, the child should be trained to go over the whole repeatedly, 
afterward bringing up the weak spots by especial effort. 

Recall, without the immediate presence of the material, should 
occur frequently if it is to be fixed in the mind. Half the time should 
be so employed with the significant material, during which it should be 
not only re-imaged but re-instated in terms of the child’s own thought. 
This produces definiteness. The real value of the recitation is its 
opportunity to reveal inaccuracies and haziness. 

Memorizing should not be concentrated, but distributed, because 
it takes time for association processes to organize, and because long 
periods produce fatigue and inattention. ‘‘For the youngest children 
it is probably better to have any subject given at two different hours 
of the day, one in the morning, one in the afternoon.”” Older pupils, 
whose power of attention and interest are greater, get a better grasp 
of the subject as a whole by longer periods of study. 

Experiments in memory show that association in learning is rela- 
tively poor in children, and that during the period of puberty it is 
especially difficult. Not until association processes are well estab- 
lished does memory become an easy process, and then it becomes 
progressively easier till full maturity is reached. 

Attention.—The medical ‘field of vision” is analogous to the 
psychological field of consciousness in that there is in each a focal 
point under close scrutiny and sharply defined, and a margin or 
“fringe”? in which objects or ideas are indistinct. Attention may be 
defined, therefore, as that. type of mental activity which focusses 
intensely for a brief period upon a specific point of interest, either an 
object or an idea. James explains the narrowness of consciousness 
by the fact that the hemispheres act as a unit and that adjustments 
are made as a unit. If the mind attends, the body attends with it, 
attention in the final analysis being physiological. No better illus- 
tration could be offered than that used as an advertising medium by 

* Quoted by Colvin, «bid, 
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one of our popular phonograph companies: ‘‘His Master’s Voice.’’ 
The position of the ears and head, the expression of the face and 
body of the little dog, all show a remarkable unity of adjustment to a 
single idea. Now, as the mind attends to one idea only, or to ideas 
that have an organic unity, and as the environment changes constantly, 
it follows that attention is compelled to shift rapidly if it will keep up 
with the environment. The direction of the shift is due to interest 
which is the pleasurée-pain tone that accompanies attention and directs 
the mind in its activity. Interest which is accompanied by the desire 
to know more is curiosity, and this instinct, both early and late in 
life, is the power that turns the lock beyond which mental progress 
proceeds. 

There are three kinds of attention: Involuntary or passive, volun- 
tary or active, and a third which resembles the first because it also is 
held without conscious effort. In the first type interest holds the mind 
to the matter which is presented to attention. In the second it is 
necessary to summon the will again and again in order to force mental 
-activity back to the point that requires consideration, because uninter- 
esting material lacks the intrinsic elements that compel attention. 
In the third, mastery of the difficult problem has been attained, 
efficient habits or automatisms have been established, and a perfected 
‘performance then occurs without active attention. Modern educators 
have made every effort to interest the school child: capable teachers, 
play, objective projects, dramatization, a carefully established back- 
ground as the basis for new ideas, the presentation of the same material 
from many points of view, happy surroundings, equipment that possesses 
intrinsic attraction or beauty, are all furnished as stimuli for passive 
attention. If the subject is uninteresting, attention at once becomes 
voluntary, either because ennui develops, or because new physical 
and mental adjustments must be made which produce conscious effort, 
or because there are distractions coming from without. No matter 
how good the teaching may be, the two latter factors will and should 
be encountered to a certain extent in the schoolroom. There must be 
some way, therefore, of overcoming the lack of interest and the external 
distractions. As has been said, the desire to know is instinctive. 
Eventually curiosity, self-esteem, emulation, constructiveness, fear, 
remote ends, all enter into the quest for knowledge, and hold attention. 
In early childhood, however, the immediate end, only, provides an 
incentive. It is the latter fact, together with a lack of the appreciation 
of values, that makes voluntary attention so difficult in early life. 
It is, therefore, very important in the kindergarten and earlier grades 
to secure attention through interest for immediate ends. As the child 
becomes older, voluntary attention should be cultivated. It is this 
type preéminently which, as has been said, trains the will, producing 
stability, hardness and strength. This is done by drill which can be 
accomplished without ennui, if the remote end, by which is meant the 
good that can be foreseen resulting from practice, is attractive and not 
too far away (Bagley). Charts showing the child’s progress, emula- 
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tion, money rewards, approval, punishment, ete., are further factors 
of importance to be used with discretion. 

The establishment of habits of attention are absolutely necessary 
for logical thinking or success in life. Janet says that the gauge of 
the sanity of an individual and the measure of his mental efficiency is 
his power to attend to the present situation. Insanity, psychasthenia, 
neurasthenia: demonstrate the truth of this statement. Many such 
abnormal conditions start in childhood, having physical bases’ such as 
hunger, the use of coffee or tea, ill-health, aching’ teeth or other pain, dis- 
comfort of eye-strain or headache, fatigue, or poor ventilation of the class- 
room, all distracting the attention. Not infrequently they are the result 
of ‘‘conditioned reflexes” or inhibitions produced by too much confine- 
ment or repression, or misunderstanding or unkindness in the home. 
Sometimes on the same basis physical practices or ideas which the child 
believes are wrong produce worry and conflict, and develop habits of 
distraction. Children with habitually relaxed bodies, full eyes, and 
expressionless faces should be under careful observation because it is 
imperative that habits of attention be restored. Such causes can 
usually be eradicated either by obtaining the child’s confidence, 
followed by frank discussion and coéperation, or by placing him in an 
entirely new atmosphere. In either event, everything possible should 
be done to establish health, both physical and mental. Long hours of 
rest, wholesome food, fresh air, play -and comradeship help in this 
connection, as they do elsewhere, and interest in new subjects is 
absolutely essential. Proper conditions for study are also necessary; 
study quarters should be quiet, light properly adjusted, furniture 
comfortable, materials to work with at hand before work is begun, and 
there should be regular definite hours for study. How frequently 
the teacher’s statement that the child does not pay attention is 
passed over lightly, because parents and physicians are not alive to the 
ruinous consequences of divided interest. 

The Higher Thought Processes. Conception.—Almost with the 
beginning of sensation, experiences begin to receive faint interpreta- 
tions or meanings which grow more and more significant as they 
accumulate and play upon each other. ‘‘They spring out of the mind’s 
effort to render distinct the various meanings with which it has to deal”’ 
(Angell). All efficient, honest research is eventually rewarded by 
hitherto undiscovered facts or ideas which finally emerge from the 
accumulation of related experiments. The infant’s mind is a research 
laboratory working with psychic elements and objects, 7.e., sensations 
and perceptions, and their material counterparts which, on account of 
their inherent associations, become organized by means of experience, 


memory, habit, and voluntary muscular action into classes or groups. 


Each member of a specific group requires on the part of the childa 
specific adaptation, and from these accumulated adaptations the group 
derives a specific meaning.’ For example: If a slender, sharp-edged 
key is placed in an infant’s hand, it will be grasped spontaneously, caus- 
ing pain, out of which rises both a sensory and a motor experience. 
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Two or three repetitions of this, or perhaps less, will be followed by 
refusal when the key is presented again. This indicates some recog- 
nition of it as an object or percept, which has faint meaning. Some- 
times after the fourteenth month, if the child lives in an environment 
where keys are familiarly mentioned and used, he will show recognition 
of the object when it is called by name. Before he is three years old 
he will use the name himself, indicating that his ability has now 
~ reached the point where he can convey definite recognized meanings in 
the form of symbols or language. The process has consisted to this 
point of abstracting and selecting from a mass of objects which have 
in common such qualities as hardness, weight, luster, smoothness and 
sharpness, a few specific characteristics, viz., a particular type of form, 
material and function, which give them an entity, or especial meaning 
or significance. These particular outstanding features arouse the 
attention by means of the sensory organs, the conscious mind then 
adjusts the body to them in some way, and this adjustment results in 
incorporating them as more or less permanent mental furniture. 

Angell defines ‘‘conception as that mental operation by means of 
which we bring together the common points of our various experiences 
and mentally consolidate them into ideas; ideas which we are then 
able to use as symbols or representatives of these manifold ideas.” 
When the mind is associating a name directly with the object before 
it, the concept is sensorial and does not require an image. Most 
concepts, however, require a mental image of the thing perceived and 
a representative symbol, which makes it possible to use the image 
automatically. Such concepts are called verbal (p.993). In the higher 
thought processes they. become very abstract. For example: The 
concept “‘key”’ is not only used as a symbol to designate an object 
which unlocks material objects, but also represents forces that unlock 
difficult mental and moral situations. In the field of mathematics, 
abstraction is carried to such a point that all other characteristics of 
objects are submerged in the idea of units or groups of units. The 
value of the concept as an agent in mental development depends upon 
the association and classification of related objects and ideas, upon the 
process of discrimination, which is necessary in discarding elements in 
the concept which experience has proven to be false, and upon the 
reduction of confusion by drawing nice distinctions in choosing the 
right word. 

The best training in concept formation, therefore, involves, first: 
definite.experience in the classification and organization of sensory 
and perceptual experiences: form, color, size, dimension, and specific 
objects (article on Play, p. 1072). The normal child should be able to 
discriminate size in the larger and smaller blocks with which he plays 
at the age of three. At four he distinguishes form and linear dimension; 
at five or earlier, color. Sensory training of this kind he receives in 
the kindergarten. At six, or before, children are trained in phonics by 
which words or concepts are classified on a basis of form or related 
sound. The “at”? family is a typical example of classification by 
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sound: r-at, f-at, c-at, ete. Number work, which is the beginning of 
the science of groups also presents opportunities for training in number 
concepts. Here we have practice in association and discrimination and 
abstraction; the latter, as has been said, attaining its highest degree in 
the concepts of number. Second, if knowledge is to be really incorpo- 
rated, it is essential that ideas be actually experienced. For conceptual 
development the careful scientific study of a neighboring river is of 
greater value than any information about it, that can be derived from 
books. As far as possible, children should be given the privilege of 
first-hand thorough contact with natural phenomena (Dewey), and 
not made to depend upon description or language. Third: through 
association, further conceptual development may be produced by 
bringing the child’s mind in contact with interesting facts and materials 
gathered from remote, as well as nearby, places. 

Such schools as the School of Education of the University. of 
Chicago, the Francis Parker School of Chicago, the Horace Mann and 
Ethical Culture and Lincoln Schools of New York, and the Park School 
of Baltimore are furnished with elaborate visualizing apparatus and 
descriptive equipment in accessible form so that the children may 
handle and assemble and demonstrate meaningful material in connec- 
tion with language work and with their social branches, such as history, 
geography, etc. -_In contrast to this is the great group of sectarian 
schools in which the equipment for teaching the social branches is 
very meager and the English language is relegated to a secondary place. 
In rating the latter group of children mentally on the Binet scale it is 
customary to allow them two additional years for their language. 
defect. 

Judgment.—Before an infant has reached the age of 24 hours he 
has formed a vague judgment regarding the efficiency of crying in 
relation to the satisfaction of hunger. This is based on reflex act, 
instinct, sensation, crude perception and external response or experience. 
Today’s action therefore is the result of yesterday’s manifestations 
of approval or disapproval, satisfaction or dissatisfaction. As the 
infant’s mind at birth is almost wholly unorganized, it is only by means 
of discriminative experiences such as these that, little by little, the 
nebulous state begins to clarify. As experience supplies material 
for perception, memory and imagination, there is a gradual emergence 
of clear-cut, definite, single ideas eventually crystallized into meaning 
through the agency of adjustments and symbols, concepts, or words. 
As experience advances farther, related concepts, either two or more, 
are placed together in the form of statements or sentences, and judg- 
ments are formed. 

Angell has defined the beginnings of judgment as the assertion of 
a relation between mental elements. Judgment, to be valuable, 
must be based upon personal experience which the individual knows to 
be true. The wider the experience, the more sincere and genuine the 
contacts with life, the more comprehensive and honest the individual’s 
dealing with his own consciousness, the more dependable will be his 
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judgment. Development in judgment depends upon struggle to 
know the truth. Doubt is the factor that exercises the higher mental 
processes, judgment and reason, because it lifts the mind above the 
ordinary stereotyped reactions into thought crises, producing a critical 
analytic-synthetic attitude, whose tendency is to compare and system- 
atize data into such relations that a valid conclusion may be reached. 
As judgment is the most important agent in building up and organizing 
the mind, it can be seen that it is an essential function of the teacher 
to raise doubts in the minds of the pupils which demand the disentan- 
gling of vague material so that the original, basal constituents may be 
brought into view, considered and combined or separated on their 
merits. In this way correct judgments are formed, resulting in new 
and better concepts and in habits of organization. It is of the 
greatest importance that thinking shall accompany all that the child 
does. ‘Mere activity is stultifying. Mere discussing and planning 
is usually debilitating. Without intelligent action there will be no 
growth in character”? (Hartshorne). 

There is a type of indecision which is pathological, occurring most 
frequently in neurasthenia and psychasthenia. It is probable that 
early, habitual training in judgment, and definite conclusion with 
action to correspond, would establish such habits of mental control 
that the disablement of the above diseases might be precluded by 
positive, orderly decisive habits of mind and body, established in 
childhood. 

Reason.—Every sensation, perception or idea that is impressed 
upon nervous tissue produces a reaction in the form of motion. The 
repetition of the same or similar stimuli establishes an association of 
ideas through the agency of habit necessitating a motor or bodily 
adjustment. If a certain idea or group of ideas always produce the 
same or similar responses, a feeling of permanency becomes established 
in the mind in regard to them. MHabitually related ideas, producing 
habitually related responses come to form a basis or principle for com- 
parison, from which conclusions or judgments regarding any single 
member of the association can safely be drawn. This process of 
deducing specific single conclusions from the content of the related 
group or principle is known as the deductive process of reasoning. While 
this is going on, the principle is being strengthened or weakened by 
the constant application of new ideas, which are introduced to the old, 
compared with them, and accepted or rejected, as evidenced by the 
nature of the response to the idea. The new idea may be rejected 
because the relation is antagonistic or too remote. In this case it will 
either be dropped entirely, or it will form a new nucleus around which a 
different group of related ideas gather from which a corresponding new 
principle may be induced. This process of abstracting a principle or 
general idea from many related specific, single ideas is known as the 
inductive method of reasoning. After the new principle is established, it 
in turn becomes a basis for the deduction of further ideas, as in the 
former instance. In each case advance is made by the examination and 
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comparison of separate, particular ideas in the light of some result 
which is sought. This process, called reasoning, involves not only the 
truth, as in judgment, but ‘How shall we arrive at it? What is the 
cause and what is the effect?” In other words, it is thinking proble- 
matically with a purpose or with a clearly defined end in view, which 
attention holds steadily before the mind until the conclusion is reached. 
The solution of the problem is attained by means of some guiding idea 
or clue found in the situation. Reasoning is abstraction carried to its 
highest point. If there were no preceding organization of experiences 
into concepts or symbols, reasoning would never occur. It is because 
association and discrimination have already abstracted the distinguish- 
ing features of related perceptions and set closely allied ideas and 
experiences off by themselves that the abstractions characteristic of 
reasoning are possible. A very simple instance of reasoning is found in 
the Binet-Simon problem ‘Tf 1 yard of cloth costs 15 cents, how much 
would 7 feet of cloth cost?” the controlling idea or clue is the cost of 
1 foot of cloth, attained by means of the number habit, division. 
With the clue clearly in mind the application of the number habit of 
multiplication leads to the solution of the problem. Another instance 
may be represented by a bunch of keys, the problem being to unlock a 
door. One key, or hypothesis, after another is tried by the trial and 
error method, and results in failure. Finally, the key and the lock are 
inspected and compared, and it is observed that there are certain 
corresponding ridges which differentiate them from other keys and 
locks and probably furnish the clue. Thus the solution is obtained by 
the search for a distinguishing feature, by comparison and by deduc- 
tion based upon previous experience. Dewey outlines the process of 
logical reflection thus: (1) A felt difficulty. (2) Its location and defini- 
tion. (3) Suggestion of a possible solution or clue. (4) Development ~ 
by reasoning of the bearings of the suggestion. (5) Further observa- 
tion and experiment, leading to its acceptance or rejection. 

An open mind is extremely important in fruitful reasoning, but 
beyond all other factors is the ability to discover the. clue which 
usually requires invention: the highest attainment of the mind of man. 

In discussing reasoning among children, Colvin* quotes Bonser, 
who studied the children of the fourth, fifth and sixth grades to determine 
their reasoning ability.t He found that there is a gain from grade 
4A to 6A for the boys of 338.77 per cent., and for the girls of 246.15 
per cent. The boys reach a maximum in median ability in the period 
from 11 to 12 years, the girlsfrom 12to 13 years. Beyond themaximum 
there is a decline in ability for both boys and girls, the ability for boys 
being less from 13 to 14 than from 11 to 12. Both sexes advance after 
the decrease. 

If the process of reasoning is to be developed it is important that 
every lesson involving distinct issues should be approached with the 
purpose clearly in mind. A little more consciousness of the Conan 

* The Learning Process. ; 

+ Teachers’ College, Columbia University, Contributions to Education, 
No. 37, New York City (1910). 
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Doyle type might be a distinct aid in opening the eyes of school children 
to the importance and use of clues.* : 

Emotion.—Reason does not appear until life becomes complex, 
until explanations for behavior are necessary, until there are a number 
of possibilities which confront the experimenter, until doubt enters 
the field. The higher in the scale of intelligence the individual ad- 
vances, the more his judgment weighs matters and the less intense 
become his attitudes and reactions because the personal element dis- 
appears as these processes take place. 

Emotions, on the contrary, are manifested at the very outset of 
life, springing out of instincts possessed by all organisms which have 
passed the vegetative stage. It is these instincts that produce the 
emotions, desires, and tendencies of the personality, give man in large 
part his propelling power, set the main trends of character, and 
furnish him with inspiration for good or evil. As far as behavior is 
concerned, they are vastly more important than intellectual power. 
In children, particularly, they furnish the impetus that helps them to 
stand by difficult problems till they are mastered. 

There have been a number of theories in regard to the genesis of 
emotion. Many psychologists advocate the idea that feeling occurs 
first, and is followed directly by a motor response of some kind. On 
the contrary, William James and others have formulated the hypothe- 
sis that personal excitants instinctive in origin act first by stimulating 
the fundamental reflexes, thus producing physical states which in . 
turn arouse the feeling or emotion. ‘‘Any emotion,” says James, 
“without the corresponding bodily state would be purely cognitive 
in form; pale, colorless, destitute of emotional warmth.”’ Recent 
discoveries connected with the endocrinous glands and the sympa- 
thetic nervous system bear testimony to the validity of this theory, but 
it is still unsettled.t 

McDougall’sf list of emotions is as follows: Fear, disgust, wonder, 
anger, positive self-feeling or elation, negative self-feeling or subjection, 
tender emotion, admiration, gratitude, scorn, loathing, envy, reproach, 
anxiety, jealousy, vengeful emotion, bashfulness, shame. 

Watson’s laboratory investigations with very young infants§ 
show that the multitude of emotions manifested in adult life are the 
by-products of three great original emotions, fear, rage, and joy or 
love, and are developed by ‘“‘conditioned reflexes,’ to which reference 
has already been made (p. 978, etc.). The latter Watson illustrates 
as follows: Nearly all children have a fear of loud noises like thunder. 
On the other hand, they are entirely indifferent at first to brilliant 
flashes of light. It is the habitual association of the two that produces 


* Colvin: ‘Learning Process.” 

t Thorndike, E. L., The Original Nature of Man, Educational Psychology, i; 
Crile, G. W., “The Origin and Nature of the Emotions,” W. B. Saunders and Co., 
Phila. (1915); Cannon, W. B., “Bodily Changes in Pain, Hunger, Fear and Rage,” 
D. Appleton and Co., N. Y. (1915). 

t “Social Psychology.” 
§ Watson, J. B., “Suggestions of Modern Science Cencerning Education,” 
Jennings, Watson, Meyer and Thomas. 
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a secondary fear of lightning. If a non-emotional experience occurs 


repeatedly in connection with an emotional experience, the former 
derives a permanent color of pleasure or pain even when detached from 
the latter. It would seem, therefore, as if a large amount of our feeling 
life were secondary and the result of association and habit, a fact 
bearing upon the development of behavior which is incalculable, 

Sometimes an unhappy emotional experience organizes itself into 
a complex which is then buried in the subconscious and forgotten. 
It is by no means dead however, but expresses itself by mal-adapta- 
tion both in thought and outward act. Thus again, painful emotion 
is a serious determinant of behavior.* 

There are four fundamental, biological tendencies or types of 
desires that appear at all ages in varying manifestations, 7.e., desire 
for new experience, for mastery, for recognition and for safety (p. 982). 
New experience involves the instinct of curiosity which initiates the 
pursuit of knowledge. The child’s desire to have his own way is an 
expression of mastery, is a conditioned reflex from anger, and involves 
an enormous amount of feeling. The ego instinct is further revealed 
in the individual’s desire for recognition, and his desire for safety is 
shown in-the instincts of fear, jealousy, envy, rivalry and others. 

Emotional abnormality usually begins very early in life. Faults 
of the disposition which are fundamentally emotional are due far less 
to the native equipment of the child than to the ineffective parent or 
disordered family life. Such faults profoundly affect the mental and 
physical life of the individual. Sustained, easily controlled attention, 
for instance, can only be developed under good emotional conditions. 
The feeling of success which is almost absolutely essential to progress 
is denied the child whose attention is divided between his work and the 
under current of accompanying emotional protest within , himself. 
Psychopathic and inferior personalities result. Chronic strain and 
fatigue result terminating in neurasthenia, psychasthenia, and some 
of the more serious psychoses, and a great host of the moderately 
inefficient who have good native equipment. The seriousness of 
irregular biological habits, of nagging, of excitement, of early sex 
conflicts, is only realized by workers in Juvenile Courts, clinics for 
peculiar children, and institutions for the insane. There should be . 
more emphasis placed upon these matters in medical and theological 
institutions, in normal colleges, in parent-teacher associations, in the 
adult Bible classes and guilds of churches, in women’s clubs, and other 
like organizations. Parents should be taught the importance of estab- 
lishing early biological habits in their children: habits of regular eating, 
sleeping, regular play, work and waiting habits; habits which compose 
the “mechanism of morality.”” They should be taught the seriousness 
of nagging, of too much repression, of over-excitement, of conflict in the 
home, and of using fear as a factor in punishment. Mental states 
have been produced by ‘‘The Bogie Man” that nothing can eradicate. 

*Thom, Douglas A., “Habit Clinics for Children of the Pre-School Age.” 
The American Jour. of Psychiatry, ii, No. 1, July, 1922, or Mental Hygiene, 
vi, No. 3, July, 1922. 


1004 HYGIENE OF THE SCHOOL AGE : 


». Volition——One of the original tendencies of man is spontaneous 
activity. At the very outset of life the stimuli received give rise to 
diffuse spontaneous muscular action—impulsive and uncoordinated. 
Muscular equipment provides for every motion both a protagonist 
and an antagonist, so that conflict is inherent in movement. Develop- 
ment of control does not proceed equally in all muscle groups; it 
proceeds now more rapidly in one, now in another, and the problem 
‘of controlis centered inan attempt to codrdinate and systematize move- 
ments into a performance which has a conscious end in view. This is 
the beginning of volition or self-control. Ifthe child succeeds in securing 
this codrdination so that his end is gained, he establishes the beginning of 
an efficient satisfying habit. Very early, children learn either to emo- 
tionalize or. to control themselves in relation to their biological 
experiences, for they learn not only by means of systematized muscular 
coordinations, but also by means of other essential, primary habits, such 
as eating, functioning, sleeping, playing, waiting, etc. Children are 
the victims of their own impulses at this period and at later periods, 
unless simple codes or family rules are established and adhered to. 
Play is another type of activity which brings about intelligent control. 
Children under the age of four pursue their ends through play with as 

great intensity, persistency and purpose as adults. After this ageit 
' should be the aim of parents and teachers to assist childen to use their 
imaginations intelligently in choosing their purposes, and to see that 
they carry them through. Choice implies pursuit, and successful 
pursuit requires control. This is difficult at first, therefore interesting 
material and standards by which the child can measure the result of 
his pursuit are of great value as incentives. 

It adds to the wholesomeness of the situation if the child’s motives 
can be made to center interest not in himself and his performance, 
but in the undertaking, for ‘“‘no man liveth unto himself.”” Before 
a child is four years of age, if conditions in the home are normal, he has 
been obliged to regulate his desires in such a way as to conform to the 
desires of the family and, by so doing, has learned codperation. At five 
he should be able to adjust himself to children outside of the home; 
and the year following he enters school, which brings with it a myriad 
of new adjustments, and increases immeasurably the necessity of 
adaptive control. Now both normal development and happiness 
depend in large measure upon céoperation. It becomes necessary, 
therefore, to direct the imagination to the public opinion and welfare 
of the group. If codperation within the family has already become 
habitual, it is relatively easy to secure it in the larger relations. 
Normal religious training has definite significance here. 

There are two fundamental religious attitudes: faith in and 
obedience to a moral, loving, supreme person—God. These attitudes 
are powerful because trust produces peace and intelligent cordial 
obedience frees the spirit from emotional self-domination and self- 
seeking. Desires and impulses are inhibited where situations require 
inhibition and at the same time the mind is at liberty to consider the 
essential elements of situations that confront it. As has been said 
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before, normal, mental activity is blocked in behavioristic types of 
children by unhappiness caused by emotional memories and desires. 
It will probably be found eventually that a large number of moder- 
ately retarded and delinquent children owe their retardation and 
delinquency to emotional distraction and weakened volition which it 
is possible to overcome in large part by trust in God and man and 
habits of obedience. 

As the benign will of a human father furnishes the child with a 
settled idea of love and justice and order, of someone who understands 
and helps him extricate his confused emotional experiences and adjust 
them to life, so the idea of God, through the growing social circle 
furnishes the larger ideal of love and justice and order, of understanding 
and help. Thus recognition, and allegiance to agreater Will constantly 
organize and unify chaotic tendencies that hurt the child’s spirit, by 
substituting a conception of group needs for the individual need, of 
self mastery instead of the mastery of others, of love of giving instead 
of love of getting, in this way sublimating conflict and establishing 
self mastery and peace. 

Character.—A ten and a half year old boy, whenasked the difference 
between character and reputation, replied: ‘‘Character is what you 
are, reputation what people think you are. You might pretend, and 
be just awful on the inside.” This definition implies the necessity 
of an essential correspondence between instincts and habits, their 
action and reaction. Character implies sufficient unity and stability 
in the individual so that reactions can be foreseen. Its fundamentals 
are instincts, tendencies, impulses, desires and feelings. The following 
is a summary based partially upon Ribot’s classification of character* 
types which he says have their source in the feelings and the will. 
The relative proportion of components of this character classification 
determine to a considerable extent the type of the individual. The 
classification is as follows: 


1. The sensitive or emotional group, 

2. The group which expresses itself in action, and 

3. The intellectual group. 

1. Emotional types are represented by two general tendencies: 


(a) Schizophrenic (b) Cyclothymic 
Repressed egoism Flamboyant egotism 
Hypersensitivity Alternating periods of elation 
Inability to stand criticism or depression (way up or 
Attacks of irritability way down) 
Shyness Not steady in application to 
Tendency to with-draw within work nor in quality of work. 
himself; ‘shut-in person- 
ality” 
Over imaginative 
Day dreaming 


* The Psychology of the Emotions. 


1006 HYGIENE OF THE SCHOOL AGE 


Obstinacy 

Selfishness 

Unwillingness to cooperate 

Indifference to the suffering of 
others or to the outcome of his 
own behavior. 


Individuals of the schizophrenic type are extremely susceptible to 
impressions from within. Though they are ordinarily introspective 
and not constructively active, they are occasionally represented by 
geniuses who are temperamental and work brilliantly in spots. This is 
the. type which finds social adaptation difficult and therefore as all 
vocational guidance bureaus testify, often ‘‘out of a job.” Dr. 
Herman Adler’s study of unemployment and personality; (Adler, 
Herman, ‘‘Unemployment and Personality,’ Mental Hygiene, 1, 
No. 1, Dec., 1922) and (‘‘Psychiatric Contribution to the Study of 
Delinquency,” Adler, Herman; Jour. of the American Institute of 
Criminal Law and Criminology, viii, No. 1) makes this very clear in 
contrast with the social and economic reactions of the cyclothymic 
type, which on the whole while less efficient economically are much 
more adaptable socially and therefore in all situations more agreeable. 


2. Action type; 

Activity is incessant and usually trivial 

Thoughtless (pure type) in regard to outcome of his activities 
Impulsive 

Loves to torment and tease 

Not methodical 


Members of the active type are as a rule nervously and physically 
robust. Many of them are not in the least intellectual and their 
energy finds expression in external activities that are not significant. 
When, however, intellectuality is combined with physical energy it 
produces an executive type, sometimes of notable power, which Ribot 
says usually expresses itself in some form of conquest. Pasteur is 
cited by Thomas as a personality of this type. 


3. Intellectual type; 

Calculating as to the result of his actions 
Often intrinsically selfish 

Is not emotional 

Is not very active. 


Pure intellectuals are ordinarily represented by individuals in 
whom there is very little sensitivity and very little physiological 
activity. They are apathetic, unmoved by sentiment, never jump 
at conclusions but carefully calculate all situations. Scholars and 
scientists of which Benjamin Franklin is representative, are not 
infrequently of this type. 
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Fortunately they as well as the preceding types usually possess 
other characteristics which produce better balanced personalities, 

These three types when unmixed are true characters because 
they have “unity and stability,” i.e, they are always consistent. 
Pure types are uncommon, the characteristics of most individuals 
being more or less heterogeneous. A mixture of types is not only 
compatible with normality, but is undoubtedly better, if the mixture 
is such as to produce balance. The fact must not be lost sight of, 
that such mixtures may produce an incoherency which results in the 
appearance of duplicity; and further, that either pure or mixed types ~ 
may produce individuals who are definitely defective and unstable. 
Such are the moral defectives or anti-social group who are controlled 
by their impulses, and the amorphous group who are almost altogether 
the product of their environment; emotional and moral will o’ the 
wisps. 

Children have the same characteristics as the amorphous group, 
but it is because their instincts are capricious, their desires as yet 
uncodrdinated, and their wills undeveloped by conflict. In considering 
behavior we have to deal with the following: 

Behavior.—(1) The biological tendencies of the race; habits of 
eating, waiting playing ete. 

The specific instinctive tendencies of individuals. 
. Their prevailing moods. 

Their capacity for education. 

Their environment. 

The methods to be employed, or treatment. 


D> Ors oo bo 


1. A brief statement of biological equipment has already been 
made. ' 

2. It has been shown* ‘‘that any single individual may produce 
4,096 different combinations of character, and the number producible 
by two given parents runs up to more than 500,000.” This fact 
points to infinite variety in man and to the necessity of studying 
each child in order to learn what he has and what he lacks. It is of the 
utmost importance that the training of good instincts and the pruning 
of harmful instincts be instituted early, so that the child’s particular 
weak points be developed into strong ones or counterbalanced by tend- 
encies that will compensate for them. No child can be organized into 
his best possible output unless his instinctive intellectual and emotional 
equipment is understood and his volitional possibilities developed by 
proper training in habits. In no realm of life has there been so little 
intelligent effort to get at the fundamental facts of any undertaking 
as in the undertaking of educating children for life. Both in the 
family and in the school they are still lumped together as if they 
were all cast in one mold. 


* Jennings, Watson, Meyer and Thomas, ‘Suggestions of Modern Science 
Concerning Education.” 
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3. A most excellent article has been written by Hoch and Amsden* 
which throws much light on the prevailing moods of children. It 
also considers problems of inheritance, of beginning psychosis, and of 
abnormal and nervous children. The authors discuss the child’s 
equipment in regard to common sense and intelligence, the output of 
energy, the subject’s estimate of himself, his power of adaptability 
to his environment, his customary moods, his instinctive demands, 
his general interests and pathological traits. They bring out such 
characteristics as self reliance, self depreciation, tendencies that interfere 
with contact with the world, such as sensitiveness, shunning society, 
etc., selfishness, jealousy, frankness, reticence, conscientiousness, 
and over-conscientiousness, ability to shape one’s circumstances, 
leadership or its opposite, habitual or episodic reactions of elation or 
depression, irritability, sex instincts, capacity for sublimation, or 
getting satisfaction from altruistic interests. 

A recent article entitled ‘“The Use of Experimental Psychology 
in the Practice of Medicine’’t throws much light on methods of 
obtaining objective scientific data concerned with specific properties 
of the brain and nervous system, tests for vasomotor reactions, pain 
and suffering, memory, flight’ of ideas, effects of suggestion, etc. 

4. Probably the best single method for obtaining information in 
regard to a child’s capacity for education is the Binet-Simon Scale. 
This comprises a series of tests aimed at measuring the intelligence of 
individuals. It is very widely used and has proven to be reasonably 
reliable. In a book entitled ‘‘Measurements of Intelligence” Terman 
gives careful instruction which anyone who has had some training in 
psychology and some experience may use. It should be emphasized 
that a foundation of psychology is necessary if the tests are to be 
properly interpreted, and that no one unfamiliar with psychology 
should use them. The examiner usually expects to find retardation, 
because children brought for examination are generally below grade or 
functioning poorly in the proper grade for their age. It happens 
occasionally that non-assertive brilliant children of the sensitive type 
are making a failure of school work, or getting into habits of day 
dreaming, or petty immorality (lying, thieving, etc.) because their 
exceptional equipment has not been recognized. The author has in 
mind one child whose chronological age was 10 years 6 months, and 
his mental age 17 years 9 months; another 13 years and 17 years 
6 months respectively; another 12 years and 17 years 4 months respec- 
tively. Many of these cases are due to suppressed energy, or to a 
lack of interest in puerile subject matter, etc., both of which are retro- 
active. On the other hand, some children with very high intelligence 
quotients, are not capable of functioning well in school or society, 
perhaps because they are too sensitive, or too fantastic in their ideas, 
or because they are unable to organize their mental processes effi- 


: : seh ee ob G. 8. Amsden: A Guide to the Descriptive Study of the 

ersonality, New York State Hospitals Bulletin, vi i - 
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ciently, or because they lack balance in some other direction. 
any event such cases add weight to the supposition that every school 
child should have an intelligence test. 


DESIRABLE CHARACTERISTICS 


Multiform physical activity. 
Multiform mental activity. 
Fear resulting in caution, 
Pugnacity. 

Curiosity. 

Imitation. 


‘ Physical equipment: (See medical card) 
; Reflexes conditioned: 

, Instincts: 

d 


i ek 


Concepts: 


Play. 

Collecting. 

Joy and singing. 

Tendency to form efficient habits, 


Sensation Perception (See Summary under School): 
Dominating habits: 


Regular biological habits: Eating, 
sleeping, playing, waiting, etc. 
Orderliness, obedience, steadiness of 

application in work. 
Involuntary. 
Sustained voluntary. 
Based on fact. Productive. 
Visual, auditory. 
Rote, logical. 


Well related, rich, direct 


Clear and comprehensive. 


S Attention: 

J PA 

4 Imagination: 

2 : Memory: 

Association: 

e 

; Higher mental processes: 


Judgment: 
Reason: 


Emotion: 


Volition: 


ee fh ee eee 


( Character type: 


Behavior: 


PERSONAL 


: School: 


Vou. I—64 


—_ = 


Discerning and solid. 
Logical. 


Uninfluenced by secondary motives. 
Loving and joyful, sense of humor. 
Moods; optimistic and cheerful. 


Prompt decision. 

Right habits of self-control. 

Sensitive—subjective. 

Active. 

Intellectual. 

Amorphous; influenced by environ- 
ment. 

Mixed; with one predominant. 

Thoughtful, good common sense, 
well-controlled, kind, prompt, 
dependable, orderly, honest, 
adaptive obedient. 


Character of books read. 
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SUMMARY OF CAPACITIES, CHARACTER AND ENVIRONMENT 


UNDESIRABLE CHARACTERISTICS 


Fear resulting in cowardice, 
Fighting? 


‘ 


Irregular biological habits. 


Confusion, disobedience, flighti- 
ness. 


Distracted attention. 


Fantastic. 

‘Poor; natively. 

Poor; due to sickness, fatigue, or 
disease. 

Meager, heterogeneous. 

Dissociation. 


Inadequate and confused. 

Lacks keenness and shallow. 

Inability to classify, to discern 
natural sequences, and to find 
clues. 


Biased. 
Fear, anger. 
Moods; despondent, anxious, 


sulky, resentful, complaining. 
Indecision. 
Obstinacy. 


Apathetic, restless, obstinate, vio- 
lent, quarrelsome, procrastinat- 
ing, cruel, lies, cheats, steals, 
profane, truancy (school, home), 
out nights. 


Sensory efficiency: Visual, auditory, kinesthetic. 

Motor efficiency: Accuracy, strength, coordination. 

Motor efficiency: Reading, writing, drawing, finger and vocal coérdina- 
tion (singing), games, athletics. 


Speech defect. 


Result of Binet-Simon test: Chronological age. 


Rank in reading: Oral. 
Silent. 


Mental age. I1.Q. 
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Rank in: Spelling. 
' . Language and composition. (Trabue Completion Tests.) 
Writing. 
Number work. 
Drawing. 
Causes of retardation: 

Mental: Immaturity, inability to study, lack of power of attention, 
application, perseverance, carelessness, poor memory or reasoning, 
timidity, discouragement. 

Wrong attitude: Dislike for school work, indifference, disobedience, 
dishonesty, day dreaming. 

Physical condition: See medical card. 

Irregular attendance: Due to personal or family illness, poverty, or 
non-codperation of home, truancy, absence from city. 

Environment: Language used at home. 

Language used at school. 
Backwardness due to late start. 
Change of schools within system. 
Change of schools without system. 
Administration: Inflexible grading. Poor preparation. 
Standards too high. Overcrowded class. 
Poor or nervous teacher. 
Teacher and pupil incompatible. 
Course of study too difficult. 
Instincts: Play, imitation, adaptability. Jealousy. 
Seeks companionship, codperation. | Embarrassment. 
} Tendency to conform to law. Shame. 
Tendency to regard a higher power. | Egotism. 
Ambition. Pride. 
Pride. 
Environment: Home conditions: 

Parents: Who dominates? F. M. Method: 

Step parents: F. M. Non-support. 

Parental neglect. Misunderstanding. Inefficient control? 

Subject’s relations to siblings: Subject brighter, retarded, over- 

bearing? 
Siblings brighter, retarded, over- 
bearing? 


PERSONAL 


Soctan 


Boarders: Men. Women. 

Poverty: Weekly income. 

Untidiness. 

Housing: Number of rooms. Number of tenants. Light and air, 
Open windows at night. Toilets. 

Church connections: Attend Sunday School. 

Associates: Club. Boy Scout. Gang. 

Amusements: Movies. 

Leisure time: How spent? 


Diagnosis.—To obtain a comprehensive, definite, and working 
picture of the child, underscore the items in the summary which are 
characteristic, and arrange them in groups corresponding to the groups 
in the summary, 7.e., physical equipment, instincts, habits, ete. In 
diagnosing behavior it is important to have a clear understanding of 
characteristics that indicate normality: The behavior of the normal 
child is happy, orderly, obedient, truthful, controlled, well-poised. 
He faces reality with up-standing courage, takes advice from others 
and criticism without flinching, and to a considerable extent controls 
his feelings by intelligence. *: 


* Hamilton, Margaret J., Mental Hygiene and the Parasite, Mental Hygiene 
(Jan., 1921), p. 46. 


—_—  /?.) . oT. 


_ 


MENTAL HYGIENE 1011 


In diagnosing the behavior of a peculiar child it is important to 


_ ascertain the following points: 


1. Is there any focus of infection, physical discomfort or pain 
(tonsils, adenoids, teeth, eyes, ears, malnutrition, anemia or chronic 
fatigue, hysteria, chronic irritability headaches, epilepsy, night 
terrors, chorea, or post influenzal nervous disturbances?. Is there 
tuberculosis, diseased heart or kidneys? 

2. Are there any harmful physical habits: Too little sleep, too 
little or too much, or irregular or unwise food, such as coffee, tea, 
etc.? Are there tics or vicious habits? 

3. What does the teacher report in regard to habits of behavior 
in school? Is he obedient and orderly? In what is he interested? 
If he has a difficulty in school work, what does the Binet Scale show? 
If there is trouble with number work, is it due to lack of facility in 
number habits (number combinations, addition and subtraction, 
multiplication and division), or is it due to lack of logical reasoning? 
Is there a reading, spelling or language defect? What is the atmos- 
phere of the schoolroom? Does he like his teacher? Did he like 
his other teachers? Is he a truant? If so, why? 

4. What are the conditions in the home? Is there poverty? What 
are the family habits—sleeping, eating, control? Who dominates 
the home, and how? If it is run at loose ends, whose fault is it? 
What is the behavior and mental status of the other children in the 
family? A yielding nature in constant contact with a bully, a bully 
undisciplined either by his parents or another bully in the family, ora 
dull mind which is under habitual contrast with a brilliant mind in 
the same home, or a child hopelessly incompatible with nervous parents 
or brothers or sisters would be better off in other surroundings. Dr. 
Norman Bridge* seriously suggests that in some instances it might be 
better to exchange children. Workers with abnormal and peculiar 
children find that the greatest stumbling block to progress is ineffi- 
ciency, instability, lack of self-control or indifference on the part of the 
parents. The father is often found to be a tyrant—blind to everything 
but his own desires; the mother may be weak, constantly yielding to 
the child’s harmful demands, or she may be strong but thwarted by 
the father, the grandparents, or other relatives. The intelligent 
parent who has the confidence of his child is in a strategic position to 
understand and to develop or change his specific instinctive tendencies 
because he has had experience with family peculiarities that lie behind 
the child’s difficulty. He is in a position to alter the environment, 
and constant propinquity gives him the opportunity to establish proper 
habits of behavior. 

5. What is the environmental situation outside of the home? There 
may be the gang, literature and movies; the latter based and not based 
on reality, in either case perhaps equally bad. There may also be 


contact with dishonesty, with sex evils, with violence and crime. 


* The Blind Side of the Average Parent, House Health. 
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6. What are the personal characteristics? Has the patient abound- 
ing energy and initiative? Does he do what others do, is he rebellious 
toward conventions, or does he show a tendency to choose his pro- 
cedures with intelligence and independence, and to create efficient 
situations, making himself react properly to them? What is his 
inner emotional life? Is there any hidden conflict between desire and 
duty? If so, what 7s it? Has there been any early sex experience. 
or abnorinal experience of any other kind that has produced a complex 
which unconsciously affects his behavior? Again, what ts it? 

Are there thought mazes or habitual indirect associations? Does the 
child show little interest in his surroundings; does he live in a world 
created by his own fancy which is different from the world about him, 
thus making himself less adaptable to reality? Does he shut himself 
away from others? Is he reticent, passively stubborn, hard to influ- 
ence? Isheover-sensitive, over-conscientious? Awkward and helpless 
in society, self-conscious, easily upset?* Inshort, does he show signs of 
dementia precox? On the other hand, is he masterful? If so, is it 
because he is energetic, brilliant, born to lead, or is his domination co- 
existent with unwarranted egotism, with cruelty and stupidity? The 
latter may indicate a paranoid tendency. 

There can be nothing haphazard in the study and diagnosis of 
character.. Virtues and faults are specific, and habits of behavior 
are specific. There are also specific events, usually found to have 
occurred in the early nascent period of habit formation, which are some- 
times within, sometimes outside human control, determining the 
prevailing emotional trends in the individual from childhood to the 
grave. It is most essential therefore to recognize and bring out into 
full light these intrinsic determiners, because they too, if understood 
and properly handled, can be brought under control. 

Treatment.—The diagnosis and treatment of physical handicaps 
has been dealt with elsewhere in this article (pp. 928 to 977). Their 
importance is so apparent that it is not necessary to stress the matter. 
Instincts: As has already been noted, over-activity of such instincts 
as fighting, teasing, tormenting, bullying, fearing, jealousy, rivalry, 
embarrassment, shyness, secretiveness, acquisitiveness, greed, display, 
suggestibility and egotism, is harmful if allowed to develop. Control 
of these tendencies can be secured by suppression, but this treatment 
sometimes results in repressions and conflicts that do great harm. 
It is better, therefore, to find outlets for the energy manifested through 
other channels. What satisfyers can be used? The instinct of greed, 
for instance, can be overcome by eliciting the child’s practical sympathy 


*Hoch, Aug., Constitutional Factors in the Dementia Precox Group, Review 
of Neurology and Psychiatry, viii (1910); Bleuler, E., Artistic Thinking, American 
Journal Insanity, lxix (1913), p. 873. Hoch, Aug., Constitutional Factors in the 
Dementia Precox Group, Review of Neurology and Psychiatry, viii ( 1910). Hart, 
Bernard, “The Psychology of Insanity.” 

Josephine Jackson and Helen Salisbury, “ Outwitting our Nerves,” and Elida 
Evans, ‘‘The Problem of the Nervous Child,” and W. A. White, ‘The Mechan- 


hed of Character Formation.’ ‘ Mental Conflicts and Misconduct,” William 
ealy. 
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in case of genuine need. When he’ sees happiness and well-being 
substituted for distress and suffering by means of his own personal 
sacrifice, he may, after a number of experiences, make a permanent 
transfer to the higher social instinct. To the same end Nature affords 
repelling illustrations which can be used to help in mastering cruel 
impulses, such as the destruction of the weak by the strong. Such 
instincts may be harnessed by placing definite responsibility for the 
group upon the shoulders of the tormentor, because children like 
responsibility and usually rise to it. Fear may be overcome by 
taking pains to show the child the nature of what he fears, and by 
making him believe that the one dealing with him has great faith 
in his native courage. Good habits are encouraged by such books 
as “‘Fables,’’ Alsop. ‘‘Adventures of Pinocchio,’ Carlo Lorenzini. 
“Children’s Book,” Horace E. Scudder. ‘The Princess and the 
Goblin,’ George MacDonald. ‘King of the Golden River,” John 
Ruskin. “Fanciful Tales,” Frank R. Stockton. ‘The Wonder- 
ful Adventures of Nils,” Selma Lagerlof. ‘Black Beauty,’ Anna 
Sewell. ‘Careless Jane,’ Katherine Pyle. ‘Lazy Matilda,” K. 
Pyle. ‘A Child’s Garden of Verses,” Stevenson. ‘Understood 
Betsy,” “Dorothy Canfield. ‘‘Clematis,”’ B. B. and Ernest Cobb. 
“The Sandman; His Farm Stories,” “Bobby and the Big Road,” 
Maud Lindsay. “Donkey John of the Toy Valley,’ Margaret W. 
Morley. ‘‘Heidi” J. Spyri. “At the Back of the North Wind,” 
George MacDonald. “Kingdom of the Winding Road,” Cornelia 
Meigs. ‘‘Garden behind the Moon,’ Howard Pyle. ‘John of the 
Woods,” Abbie F. Brown. “What Katie Did,’ Susan Coolidge. - 
“Tommy and the Wishing Stone,’ T. W. Burgess. ‘‘More than 
Conquerors,” Ariadne Gilbert. ‘Sara Crewe,’ Burnett. ‘Secret 
Garden,” Burnett. “The Man without a Country,’ Hale. ‘The 
Goops,” poems of patriotic and moral nature, and fairy tales with 
indirect morals. 

Habits which are harmful, or good habits poorly acquired, give way 
to orderliness and efficient adjustments not by nagging, but by patient 
training and should begin at the outset of life (p. 985). It is impor- 
tant to summon the child’s imagination and his play instincts to help 
him over places that are too rough and difficult to acquire habits 
easily, but it is desirable to discard ‘artificial props as early as pos- 
sible and help him to realize the value of good habitual codrdinations 
whether they be physical, mental or moral, personal or social. 

A very successful experiment in habit formation is being carried 
on ina Habit Clinic* in connection with the Out-patient Depart- 
ment, Boston Psychopathic Hospital. 

A word should be said about the habit of codperation, which is 
unnatural to little children. It arises first through their attempts to 
please their parents, then by the favorable results that are produced 
as the result of pleasant contact with sisters and brothers, the servants, 
etc., then by learning that they are more likely to get what they want 

* Thom. D. A. “‘ Habit Clinics for Children of the Pre-School Age.” Mental 
Hygiene, vi, No. 3, July, 1922. 
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from others by helping than by hindering, and finally that there is an 
inherent value in adjustment to the larger group. dete 

The treatment of attention, imagination, memory, association, 
and the higher mental processes has already been discussed under their 
separate headings. 

Emotion—If the bulk of human emotional development depends 
upon instincts and conditioned reflexes, 7.e., the outgrowth of the 
association of non-emotional experiences from emotional (p. 979), it 
can be readily seen that emotional control must begin early. It has 
been stated (Hoag) that three-fourths of all nervous diseases, most 
of which are genetically emotional, arise in childhood, and that two- 
thirds of all adolescent insanities are manifested in some degree between 
the ages of 6 and 14. Most of the emotional experiences of childhood 
have their origin, either directly or indirectly, through the ego or self- 
preservative instinct, commonly manifested by fear and anger, love 
and joy. Burnham* states that normal activity for a child on an 
occasion of fear, perhaps the most potential for harm of all the emotions, 
is either to run away from the object causing it, or to attack it. The 
latter is morally better and more healthful. ‘To act with others as 
leader or follower; to serve, to codperate, on occasion to resent or 
fight, represent normal emotional reactions; to deceive, to act cruelly, 
to be suspicious, to hold a grudge, represent unhealthful and unsocial 
emotional attitudes.”” Fear, worry, and unhappiness of all sorts are 
harmful, not only because they destroy that social spontaneity and 
charm which make human adjustments easy, but also because they 
create divided attention which makes clear thinking and quick 
decision impossible. 

Anger is pathologic in some children, and whether pathologic or 
not involves the dissipation of an enormous amount of energy. The 
most important thing in overcoming this tendency is to make the child 
understand the harm he derives from it. The matter should be talked 
over with him between his tantrums, as a physician talks over a medical 
problem with his patient. It helps many children if they are advised 
to go to the mother or teacher when they feel it coming on. One 
successful teacher places her hand firmly and kindly on the shoulder 
of a boy who is enraged; another takes him to the sink and helps him 
bathe his face in cold water. On rare occasions, children require 
whipping. When this measure is resorted to, it should never be done 
in wrath, but after quiet discussion of the matter and for the stated 
purpose of helping him to remember next time. Ordinarily, punish- 
ment administered in this way does not result in sulkiness but rather 
in sweetness and desire to codperate in overcoming a harmful tendency. 
Love and joy are as essential to normal development as sunlight 
is to the plant. A little boy of three suffered from an encephalitis 
following influenza which so injured his brain that he became a low 
moron in intelligence with a very serious speech defect. His mother 
was a wise loving woman, but his father was irritated by the child, 
and nagged constantly. Retarded children are sensitive and very 


* Mental Health for Normal Children, ‘Mental Hygiene,”’ ii, No. 1. 
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often appreciate their handicaps. It was so in this case. The child, 
though placed in a school created for the purpose of dealing with such 
defects, accomplished very little over a period of ayear. The following 
summer his teacher took him to her home, where he was loved and 
appreciated and wisely handled. In two months he gained 25 points 
on his intelligence quotient and largely overcame his speech defect. 
Within one week of his return he began to look worried and to regress, 
though the mother did everything in her power to compensate for the 
father’s lack of sympathy. There is, on the contrary, such a thing as 
too much fondling and caressing, both on the part of parents and 
teachers. This sometimes starts harmful tendencies, especially 
among older children, and is always emasculating. ‘Hands off”’ 
has many points in its favor. 

Of the other emotions, disgust, wonder, positive self feeling or 
elation, negative self feeling or subjection, admiration, gratitude, 
scorn, loathing, envy, reproach, anxiety, jealousy, vengeful emotion, 
and bashfulness, something more should be said about success or elation. 
Under the illustration of ‘‘The Learning Process” (p. 987-8) the ordi- 
nary effect of failure has beenshown. Unless there isa powerful positive 
self feeling, failure results in future inefficiency. Where the individual 
is of the negative type it may result in an inferior personality about 
which volumes have been written. It is for this type, therefore, that 
every effort should be made to avoid humiliation. It may be fatal 
to place such a child in a lower grade. Instead, special help should be 
given from specially trained and sympathetic teachers. Similarly, 
it is extremely unfortunate if an older child in a family is outdistanced 
in school by a younger one. The effort made to keep up under such 
conditions often results in a low grade neurasthenia from which he 
never recovers. It would be better to place him in a different school. 

Dementia precox types which are largely the result of emotional 
maladjustment can be averted in some cases by proper handling if 
there is codperation between the parents and teachers. Parents know 
only in a general way that something is wrong. It is for the school 
psychiatrist to recognize the real nature of the difficulty, and institute 
treatment. A boy who had remained four semesters in the 4B grade 
of the public school entered the Orthogenic School of Rush Medical 
College. He was extremely nervous and shy, indifferent to all the 
good times, and unwilling to codperate in games or work. Everything 
was tried to secure his interest, and everything failed. Finally, 
after long consideration, his parents were told that if they could not 
bring about a different attitude in the boy, he would be whipped. 
After a little he began to join the other children in their activities at 
the school, and at the Y.M.C.A., and in a year and a half had reached 
the proper grade for his age, and was returned to the public school. 
This boy, however, still needs watching and may have to return to the 
Orthogenic School to avoid the strain of slow mentality in competition 
with normal children. His habits also may need further stabilizing, 
Unless conditions are right, it is just such children as this that go into 
dementia precox, because failure drives them into the world of fantasy, 
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where they comfort themselves with imaginary success, thus producing 
dissociation and inability to cope with reality. : 

Among factors of importance in handling children, whether normal 
or abnormal, is truthfulness and reliability on the part of the teacher. 
One of the most difficult children ever handled in the Orthogenic 
School was a low borderline girl, who refused to apologize for some 
misdemeanor. She was told that she could not go home until she had 
made the matter right, and she kept herself and the teacher at the 
school until six o’clock.. Then she said: ‘‘ You’re the funniest teacher © 
I ever saw. When you say anything, you mean it, and you never 
forget. Miss K—yow never forget!’’ If the rest of her contacts in 
life-had been as reliable as this, all of her adjustments would have 
been comparatively easy. 

Volition.—Conflict with the environment, with physical abnormali- 
ties, with the disposition, and with tendencies makes attention, 
conscious reflection, and new methods necessary every step of the way, 
and in so doing develops habits of coérdination and self-control. » 
This ability to control one’s self and the situation, so far as it is right 
to do so, depends upon opportunities for initiative, upon daily training 
in habits, and upon the environment, which should afford sufficient 
difficulty to require considerable effort, but not so much difficulty 
as to permit too frequent failure. As has been said, success is absolutely 
essential for good development in any line.* If satisfiers and annoyers 
strike a happy balance in early life, stable reactions will be secured. 
If the annoyers are too much in the ascendancy, permanent irritability 
may result with consequent permanent lack of control. Hand work 
has great value for most children in teaching them not only the right 
coérdinations of body, but of the mind and disposition as well. 

Type of Character—The treatment of the sensitive type has been 
discussed under “The Imagination” and ‘Treatment of the Emo- 
tions.” The active, masterful child should be placed with children 
of his own or greater strength and ability, and he should not be 
brought into public notice. If his brothers and sisters are younger 
or weaker, it is important to develop his sense of responsibility for 
them—he is to be a protector, not a bully, and much of his work should 
be made a little difficult. Children of the amorphous type require a 
steady environment till habits are formed. If the environment is not 
good, the family should move. This is the most problematic of all 
types. Nothing but patient persistence in the establishment of early 
biological habits, and of later mental and moral habits, can overcome 
the weakness that seems inherent in these children. 

Behavior depends upon native equipment, the formation of habits 
through training, and the environment. Behavioristic difficulties 
have their origin in early life, often before the age of six. They are 
closely related to parental incompatibilities, and inefficiencies, and to 
information and experience acquired through associates, either juvenile 


* Burnham, W. H., Success and Failure as Conditions of Mental Health, 
Mental Hygiene, iii (July, 1919), pp. 387-397. 


MENTAL HYGIENE 1017. 


or adult. Dr. William Healy has made a genuine contribution to this 
subject in his book ‘‘Mental Conflict and Misconduct.” In this he 
furnishes repeated and almost incontrovertible evidence that frequent 
impulsions in the form of habitual stealing, lying, cheating, cruelty 
and truancy are closely related to early sex misinformation or experi- 
ence. In order to help these children it is necessary to get underneath 
the surface and bare the real facts. Running away from home and 
truancy should be handled by the parents, in coéperation with the 
teacher and physician, first being sure that running away is not due 
to epilepsy, or to sex complexes, or to complexes concerning parentage, 
etc. It is sometimes important to run a risk in order to produce the 
discomfort that is necessary to cure the tendency. The typical run- 
away enjoys the tears and reproaches of his distraught parents. ~Let 
them evince some nonchalance in the matter, let there be considerable 
discomfort experienced without home and mother, let the innocuous 
“‘eopper”’ function properly, and the cure is assured unless, as has been 
said, there is a hidden conflict. If at home there were a workshop in 
the cellar or back yard, by which the child could correlate the manual 
work of the school, and a parent who could teach him to understand 
the condition into which he has developed, and work with him intelli- 
gently to get out of it and, if at school there were a psychiatrist who 
would assist and guide him in handling the vital problems of his mental 
and physical energy, hospitals for the insane and institutions that 
deal with neurasthenics and psychasthenics would find their work 
steadily diminishing. It is probable that the future will see a great 
change in this direction. 

Environment.—The effect of the over-dominating parent is well 
illustrated and discussed by Milton A. Harrington, ‘‘ Mental Disorder 
in Adolescence,’’ Mental Hygiene, iv, No. 2 (Apr., 1920), p. 364; by 
Elida Evans, ‘‘The Problem of Nervous Child;” by W. A. White, 
‘Mechanisms of Character Formation;’” and by William Healy, 
“Mental Conflict and Misconduct.”’ All of these authors not only 
emphasize the importance of parental guidance and of early training. 
in good habits, but they also insist that development comes as the 
child learns to choose wisely and thoughtfully for himself and as he 
acquires the power to carry through that which he has chosen. This 
implies training in judgment and persistence and a willingness to let 
the child learn the lessons of life through his own mistakes, if necessary. 
It implies hours and days and years of faithful, wise watching and 
silent solicitude and proper action at the right time and only at the 
right time. It involves time and patience and self sacrifice, but the 
product is worth all it costs. 

Boarders—Many poor families eke out their income by taking 
boarders, usually males. This is dangerous: quarters are too crowded 
for the family privacy which should surround children. * 

. Poverty per se is not the first cause of delinquency. In early New 
England where incomes were smaller than among the poor living in 

* Kelly, Florence, ‘‘Modern Industry and the Family,” Breckenridge, S. B., 

and Abbott, “The Delinquent Child and the Home.”’ 
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the large cities of this generation, delinquency among cna was 
almost unknown. Poverty becomes a menace when it forces families 
to live where associations are evil and where tenements are overcrowded. 


Church affiliations are usually beneficial. The child needs religion; he has an 
instinct aes leads him naturally to regard a higher Power. Though many regard 


the child’s concept of God as the objectifying of his own highest moral ideal, it will 
be denied by very few that the personifying of this ideal gives the child a stand- 
ard of sincerity by which he may measure his moral feeling and behavior. Reli- 
gious affiliations are also significant because they teach children to pray. What 
other method has been devised which establishes in so practical a way the habit 
of spiritual aspiration? 


Amusements that involve the child’s own effort and activity are 
those to be encouraged, and for which provision should be made 
(Plays and Games). Movies and other external and unnatural and 
moral excitants should be withheld, or at least used with great dis- 
cretion. So much has been said about the harm that comes to children 
from movies that nothing is necessary here, but it may be emphasized 
that the harm is quite as much physical and mental as moral. 

Leisure Time.—The serious results that frequently arise as an out- 
come of idleness after school are recognized quite generally by edu- 
cators. Some schools continue in session until five o’clock in the 
afternoon, play or work being supervised so that it partakes of the 
nature of play under proper conditions (p. 1077). Settlements and other 
community organizations are valuable in these regards. Churches 
should provide recreation for after school hours on work days, patterned 
after the Vacation Bible Schools. Y.M.C.A.’s are already functioning 
admirably. In rural districts and villages the need is greater. If it 
is met at all, it is by some enterprising, intelligent mother. Local 
women’s clubs could very well arrange for such directed activities. 

Treatment of School Difficulties ——Allusion has already been made 
to the Binet-Simon tests. As each test requires at least 20 minutes, 
it is desirable to use the National or the Haggerty intelligence tests* 
for group examining, following them with the Binet-Simon tests for 
children known to have difficulty or to be below the average. Tests 
for sensory and motor deficiencies are given elsewhere and are elabo- 
rated in Whipple’s Manual of Mental and Physical Tests. Tests for 
reading, number work, etc., are given under their separate headings. 

The headings under ‘‘causes of retardation’ in the summary 
were used as items of seeming importance, under which facts 
could be classified bearing on school progress. They are taken from 
“Study of a Slow Progress Group with Special Emphasis on the 
Causes of Their Retardation,” Edith Mitchell Ennis, Evanston Public 
Schools, District 75, and “Study of One Hundred Retarded Fourth 
Grade Pupils by the Binet Scale,” by W. I. Lacy, Northwestern Uni- 
versity. Most of the facts except those under Administration have 
already been discussed. 


* World Book Company, 2126 Prairie Ave., Chicago. 


Tt ae ee 


oS Te Oe 


MENTAL HYGIENE 1019 


In almost all public school systems the classes are at least twice as 
large as they should be. There are teachers in first and second grades 
in Chicago who are attempting to handle 52 pupils, eight or nine of 
which are subnormal. Some way they grind them through so that 
they are able to pass on into the next grade at the right time, but such 
methods cannot be in any real sense educative. The responsibility 
of educating the public to the importance of large appropriations for 
school purposes rests upon superintendents and other educational 
leaders. No one, however, is in so good a position to understand the 
hygienic requirements of school children and the changes necessary 
for their proper handling as school physicians, and hygienic require- 
ments include proper mental and emotional training and training in 
habit formation. 

Grading is more flexible than formerly. The bright child occasion- 
ally skips a grade to great advantage. Brilliant children are some- 
times mildly delinquent simply because they have no outlet for their 
superfluous energy, and if they are pushed to capacity in school, 
will drop their delinquencies because they become otherwise interested. 
If the child is very brilliant, the problem is a difficult one, because 
much more must be considered than the intellect proper. It is an 
undeniable fact that the boys and girls who are the intellectual leaders 
of their classes, as a rule, fall behind as leaders in later life. Leadership 
depends upon initiative, self assurance, and executive ability primar- 
ily—qualities not sufficiently considered in school curricula. 

The dull child is far better off in special rooms where he can have 
more individual attention. If this is impossible, it is often an advan- 
tage to push him on with the proper grade for his age before he is 
intellectually ready. “There is a positive developmental value that 
comes from association with those of the same age which demands 
serious consideration. A certain amount of reading and writing is 
necessary for all children, and must be acquired by the retarded child 
if possible, but the great end in view for all is good citizenship, and this 
will never be attained by fellowship with children three and four years 
younger. 

Some of the most progressive educational psychologists have 
already undertaken the analysis and reorganization of the common 
school branches (see Reading, Writing, etc.) and believe that for the 
immediate future psychology will turn its efforts more largely to the 
practical uses of the schoolroom. Attention is also being turned defi- 
nitely to the fundamental habits of behavior. From the kindergarten 
on through the higher grades, emphasis in school work is laid on habits 
of initiative, investigation, independence, self-control, punctuality, 
coéperation; traits which produce efficiency and build character, 
which hold the child to the steady maintenance of positive goodness 
for himself and oblige him to look and work for positive goodness in 
+he social life of his environment.* 

* Proceedings of the Twenty-third Annual Meeting of the International 
‘Kindergarten Union (1916), p. 53. 
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After the third grade when the child has established considerable 
power of coérdination, awkward and inefficient behavior should be 
analyzed by the teacher in order that the specific difficulty may be 
discovered, and a better method substituted. “The ease which follows 
the frequent repetition of acts done properly, resulting in accuracy, 
rapidity, and freedom from fatigue, is easily demonstrable to children. 
Furthermore, he may learn relatively early to approach each simple, 
concrete problem as a unit, and correlate the different steps into a 
harmonious sequence with the larger view of the problem as a whole 
‘in his mind. The importance of such habitual methods of mental and 
mechanical activity cannot be overestimated as conservers of energy 
and efficient agents in preparation for life, if they are handled objec- 
tively by the teacher so that. introspection on the part of the child 
with its resulting timidity is avoided. Children can be made to see 
the advantages and feel the power that result from the formation of 
good habits through practice in games of skill, as in hitting a mark, 
and it is comparatively easy to use such happy experiences as affective 
illustrations of what may be gained in more abstract, and less inter- 
esting mental processes. There is a great advantage in holding before 
the child an arbitrary standard, or better yet, a standard reached by 
deliberate effort on the part of the class, or a good standard already 
attained by himself. 

Awkward coérdinations should be recognized as such and deliberately 
avoided. Inother words, indefinite, unintelligent, inattentive ,and hap- 
hazard procedures should never be allowed while the child is at work. 
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Psychologic investigation of manual training has had for its object 
_ the study of muscular coérdination in manual work and has used highly 
specialized apparatus, viz., the cinematograph and the cyclegraph 
photograph to discover superfluous, slow, and useless movements on the 
one hand, and efficient, economical, work-shop movement on the other. 
These investigations have been carried on by A. A. Douglas and W. T. 
Dealey* and others. Minimum essentials are also being given consider- 
able attention. Most interesting experiments in spelling have been 
worked out by Ayres (Russell Sage Foundation). Physical education 
workers are also endeavoring to establishminimumessentialsintheirline. 

This is of paramount importance in cities of the first class with a 
large, foreign, laboring population. In communities especially where 
the foreign element is peasant, Slavish or Italian, or where there isa 
large number of negroes, the proportion of retardation is so great that 
minimum essentials only can be acquired. For the exceptionally 
bright child in these groups, it is unnecessary to say that more ad- 
vanced opportunities must be afforded. 

The matter of the conservation of school time is also under considera- 
tion: Douglas and Dealey cite school surveys in which it has been 
found that no small number of school children are wasting 35 minutes 
daily in unintelligent effort. Mr. C. H. Judd, Director of the School 
of Education of the University of Chicago, by procuring good habits 
of study and rearranging the school curriculum so as to discard 
unnecessary duplication of material, has succeeded in condensing the 
work of the elementary school into seven years instead of eight, the 
usual length of time thought necessary to complete an elementary 
school education. Pupils in the High School of the School of Educa- 
tion who have completed their elementary work in the shorter period 
seem not to have suffered nervously, though it is perhaps early to 
secure accurate data in this regard. 

School Examinations—Lewis M. Terman, author of ‘‘ Measure- 
ments of Intelligence,” has brought togethert the conclusions of three 
investigators of this phase of school work. Ignatieff watched the effect 
of examinations upon 242 pupils in a Moscow Military School and 
found that 79 per cent. of them lost weight during the time, that 
practically all of them failed to make the normal gain, and that a 
return to normal in some of them was extremely slow. He compares 
the physical effect of an examination period to severe illness. Serafani 
and Koginoff bear him out in similar experiences. The hematological 
studies of Graziani and Helwig on the effects of protracted mental 
strain are still more convincing. Tests show that during examination 
periods there is a 10 per cent. decrease in hemoglobin in university 
students, and a decrease of 7.4 per cent. in children. 

Terman makes a plea, therefore, for the substitution of examina- 
tions by brief, interesting, and non-injurious mental tests, stating 
that the latter are more hygienic and accurate. He says that “the 
feeling of self distrust and diffidence often engendered by repeated 

* Micromotive Studies Applied to Education, Ped. Sem., xxiii (1916), p. 241. 

' { Fourth I. C. School Hygiene, iii, p. 504. 
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failure is the most constant symptom of that condition of volitional 
ineffectiveness known as psychasthenia.’”’ For this reason he urges the 
use of Binet tests or some standard modification of them, so that 
children may be graded according to their mental capacity. 

In a study of psychologic characteristics of the intermediate 
grades, Mr. C. H. Judd draws attention to a period of relative retarda- 
tion and difficulty of adjustment already noted in this article (p. 922) 
which occurs quite uniformly in the fourth grade, and perhaps the early 
fifth. School failures are more common at this time than at any other. 
Children retrogress in reading, writing, drawing and arithmetic, 
seemingly because they are passing beyond the necessity of the drill 
of the earlier grades and are feeling their way toward a bolder and more 
self assertive expression. They stumble in their mental coérdinations 
because their interest is shifting from activity for its own sake to the 
end to be accomplished. Ideas, instead of animal energy, begin to 
dominate life. Skill, purpose, and quality begin to rise above force 
and quantity. Even the characteristic diseases of childhood are 
replaced by the characteristic diseases of adult life. It is a difficult 
period for teachers and parents to handle, requiring sympathy and a 
complete understanding of the situation. 


COURSES IN MENTAL HYGIENE 


W. H. Burnham has recently made a survey of mental hygiene as 
taught in the various teacher training institutions of the United States. 
He suggests the following course: ; 


I. Introduction: Scope of the subject references; some examples of emotional 
states reflected in bodily states. 
II. Internal secretions; general nature, illustrations of their influence; organs 
of—thyroid, thymus, pituitary, pineal, adrenals, gonads, pancreas; 
hormones and chalones. Cannon, Chapters 1 to 8. 
III. The visceral nervous system. Hovwell.. 
IV. The central nervous system. Laboratory study of neurones, cross sections 
of spinal cord, superficial anatomy of brain. 
V. Reflexes. 
VI. The functions of the brain. Loeb: Instincts; associative memory, locali- 
zation. Crile: The relation between the physical state of the brain cells 
_ and brain functions, p. 111. 
VII. A mechanistic view of psychology. Crile, p. 127. 
VIII. Phylogenetic associations and the emotions. Crile, p. 55. 
IX. The general laws of heredity. 
X. Neurosis. Freud. 
XI. The teacher and the parent as makers of character. Mental hygiene in the 
school and home. 
XII. The relation between religion and bodily condition. 


And finally, it may be said that the great problems of education 
are the development and control of instincts, the formation of 
habits and the manipulation of the environment to fit the needs of 
the growing organism, all working for the production of good citizen- 
ship in it’s broadest sense. Therefore it is not enough for teachers to 
receive this education. School physicians, psychiatrists, psychiatric 
and other social workers, public health nurses, pastors, judges, and all 
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persons connected with Juvenile Courts, the administrators of public 
affairs, and parents are also responsible and require it. 
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FATIGUE 


“Fatigue is that diminution in efficiency which rest can cure.’’* 


It may be either mental or physical. It is well known{ that muscular 
exercise produces a poison which circulates in the body creating fatigue. 
Causes of nervous fatigue are muscular strain, as in the prolonged use 
of the eye or neck muscles, and an alteration in resistance to the conduc- 
tion of nervous impulses at the synapses of neurones, especially of 

* Thorndike, E. L., The Curve of Work, The Psychol. Review, xix, No. 3 


(May, 1912), p. 180. ‘ 5 
+ Lee, American Jour. of Physiology, xviii (1907), p. 267. 
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those in the higher centers.* Such alteration may be induced by 
muscle fatigue or other toxins, malnutrition, and lack of proper food, 
unnatural food stimulants, insufficient sleep, tuberculosis, malaria, 
hookworm, chorea, etc. Causes related to mental activity are such 
as uninteresting studies or new studies, class periods of too great length, 
a poor arrangement of class periods, too difficult work for young 
children, too long a school day, excitement, worry, and failure. 

It is necessary to make a distinction between being bored and being 
fatigued. An experiment in continued work in adding, memorizing, 
etc., shows that a subject may feel more and more fatigued, even 
though his work, by effect of practice, gets better and better (Thorn- 
dike). If work is without interest it creates in the mind of the worker 
feelings of ennui, repulsion, and perhaps pain, and it probably creates — 
actual resistance to the natural flow of energy by the effect of chemical 
irritation of fatigue products at the synapses. 

Symptoms of Fatigue.—The subjective symptoms are: 

1. Local sensations of fatigue especially in muscle (protective in 
function). : 

2. A feeling of general tiredness or limpness, and general incapacity 
for effort. 

3. Sleepiness. 

Physical symptoms of fatigue are anorexia, poor assimilation, loss 
of weight and anemia. Some experimenters have thought that the 
distance at which two simultaneous touches on a given circumscribed 
area of skin could be distinguished as two touches was a measure of 
fatigue, but these experiments have not been carefully madej and are 
not trustworthy. Tests of fatigue are described by Offner and 
Whipple, ‘‘Mental Fatigue.” They are memory tests, or tests of 
attention, applied at different times of day. A feeling of fatigue 
manifests itself more at the beginning and toward the end of work. 
It is difficult to overcome natural inertia and rouse energy for the effort’ 
of a different kind of work, especially if the previous work has 
been of an interesting nature. Practice and habituation reduce 
fatigue materially. Children have more difficulty, and it takes them 
longer to make new adjustments to work, than adults. There is a 
great difference in the nature of school subjects; mathematics, sight 
translation, etc., producing a feeling of fatigue quicker than the less 
formal branches. The absolutely indispensable factor of education 
—attention—depends upon interest. Abstract subjects like the above 
can be made less fatiguing if they are accompanied by external incen- 
tives, or if the child’s rating is charted from day to day so that he has 
the internal stimulus of self-satisfaction. If work is planned also in 
such a manner that the relation of the present material to that which 
has been studied before can be seen, interest and attention are secured 


- McDougall, W., The Conditions of Fatigue in the Nervous System, Brain, 
aie Sherrington, “The Integrative Action of the Nervous System,” p. 214, 
etc. 


} Thorndike, E. L., Psychological Review, vii, pp. 466 and 547. 
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with much less difficulty. This is a very important point. Objective 
material is another source of interest,* as it makes attention easy, re- 
ducing the sense of fatigue. 

Treatment.—School work hardly ever produces real fatigue, so 
that it is ordinarily safe to insist upon pursuit of work even though 
the pupil complains. Children’s minds must be inured to difficulties 
and trained to persistency. Only in this way are those ‘‘vitalreserves”’ 
stored and the will developed that makes it possible for the adult to 
surmount the great difficulties that face him later. However, as there 
will be work enough to do at best any intelligent method of procedure 
is legitimate that reduces the volume of work or the unessentials, or 
that creates efficient habits of mind, thus reducing the total output of 
work during life. It is said that when the mind works automatically 
it works economically; therefore, the multiplication table, spelling, 
the parsing of verbs, etc., should be learned ‘‘by heart” and without 
trying to reason.f 

There is a point beyond which fatigue should not go, because it 
may become permanent. If it is found that the child is becoming 
irritable, too emotional, over-anxious, self-centered, afraid of failure, 
undecided, or sleepless, or if he is not gaining weight properly, his 
work should be reduced, or the environment entirely changed. While 
the will counteracts fatigue, and puts at our disposal existing energy 
lying dormant, it nevertheless reduces that energy at the same time, so 
that nervous children must be guarded from too much continuous 
effort. 

Fatigue appears after an hour of work in six-year-old children. 
Therefore, there should be great freedom in school activity among 
young children. From this time on fatigue appears increasingly less 
until the period of puberty, when it again reasserts itself. Short 
periods are best for young children, and except for periods of free 
play learning should be mechanical; no period for this age ought to 
last longer than 15 or 20 minutes, and two minutes should suffice for 
drill in number work. Longer periods are necessary where a train of 
thought is to be developed, as in geography, and older pupils may 
spend 45 minutes in consecutive mental work with ease. The school 
program requires such planning that there shall be the proper amount 
of work, rest, recreation, exercise, and food. The more difficult 
‘subjects should be taught after 10 o’clock in the morning, as the first 
hour is required for “warming up.” The same holds true of the 
afternoon, though on the whole afternoon hours are less satisfactory 
than morning hours. After Wednesday also efficiency decreases, so 
that subjects presenting special difficulties will be mastered better 
if emphasized Tuesday and Wednesday, when practical. Individual 
teaching is far more exhausting than class work, and if it is to be helpful 
must be reinforced by longer periods for rest and the organization of 
association processes. An interval of 5 or 10 minutes between recita- 

* Freeman, F. N., “How Children Learn.” 
+ Colvin, “The Learning Process.’ 
Vou. I—65 
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tion or study hours is important and there should be a 15-minute 
recess period morning and afternoon; two days at week ends, or 
Wednesday instead of Saturday. Vacations should occur at Christ- 
mas, at Easter time or a little later, and during the summer. The 
long vacation lasts nine weeks ordinarily, and the others one or two 
weeks. 

Social activities are good if they are not too exciting and if they 
do not absorb the attention. 

Gymnastic activities are better if not too vigorous unless they precede 
food and rest. Four minutes of light calisthenics are excellent between 
class periods, and it is very advantageous for children to pass from one 
room to another for class work. 

In 1910 the Prussian Minister of Education issued a law making 
periods of rest compulsory on account of the great numbers of suicides 
among high school students. This manifestation of overstrain had 
assumed such disastrous proportions that a committee was formed to 
investigate the matter. The conclusion reached by them was that 
too long hours of school work, too much work at home, and too little 
sleep were chiefly responsible. * 

The Federal Government of the United States has recognized the 
importance of fatigue in relation to the physical development of youth, 
and has instituted standards for the control of child labor. 

The following are the minimum standards for child labor for children 
in the United States: 

“Age Minimum.—An age minimum of 16 for employment in any 

occupation, except that children between 14 and 16 may be employed 
in agriculture and domestic service during vacation periods until 
schools are continuous throughout the year. 

“An age minimum of 18 for employment in and about mines and 
quarries. 

“An age minimum of 21 of girlsemployed as messengers for telegraph 
and messenger companies. 

“An age limit of 21 for employment in the special delivery service 
of the United States Post Office Department. 

“Prohibition of the employment of minors in dangerous, unhealthy, 
or hazardous occupations, or at any work which will retard their 
proper physical or moral development. 

“Educational Minimum.—All children between 7 and 16 years of age 
shall be required to attend school for at least nine months each year. 

“Children between 16 and 18 years of age who have completed the 
eighth grade but not. the high school, and are legally and regularly 
employed, shall be required to attend day continuation schools at 
least eight hours a week. 

“Children between 16 and 18 years of age who have not completed 
the eighth grade, or children who have completed the eighth grade and 
are not regularly employed, shall attend full-time school. Occupa- 
tional training especially adapted to their needs shall be provided for 


* Kruse und Selter, “Gesundheits pflege des Kindes.” 
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those children who are unable, because of mental subnormality, to 
profit by ordinary school instruction. 

“Vacation schools placing special emphasis on healthful play and 
leisure time activities shall be provided for all children. 

“Physical Minimum.—A child shall not be allowed to go to work un- 
til he has had a physical examination by a public school physician or 
other medical officer especially appointed for that purpose by the 
agency charged with the enforcement of the law, and has been found 
to be of normal development for a child of his age, and physically fit 
for the work at which he is to be employed. 

“There shall be an annual physical examination of all working 
children who are under 18 years of age. 

“Hours of Employment.—No minor shall be employed more than 
8 hours a day. The maximum working day for children between 16 
and 18 shall be shorter than the legal working day for adults. 

“The hours spent at continuation schools by children under 18 years 
of age shall be counted as part of the working day. 

“Night work for minors shall be prohibited between 6 p.m. and 
7 a.m. 

“Minimum Wage.—Minors at work shall be paid at a rate of wages 
which for full-time work shall yield not less than the minimum essential 
for the “necessary cost of proper living,” as determined by a minimum 
wage commission, or other similar official board. During a period of 
learning they may be rated as learners and paid accordingly. The 
length of the learning period should be fixed by such commission or 
other similar official board on educational principles only. 

“ Placement and Employment Supervision —There shall be a central 
agency which shall deal with all juvenile employment problems. 
Adequate provision shall be made for advising children when they leave 
school of the employment opportunities open to them, for assisting 
them in finding suitable work, and providing for them such supervision 
as may be needed during the first few years of their employment. 
All agencies working toward these ends shall be codrdinated through 
the central agency.” 

These standards have not been adopted by all the states, some of 
the southern states having no restrictions upon child labor. 


SLEEP 


Metabolism, growth, and activity are greatly increased in children 
and there is far less stability of the nervous system. During sleep the 
output of carbon dioxide is reduced to one-fifth, and oxygen is stored. 
Moreover, sleep not only gives chemical rest but mechanical rest as 
well. Most of the growth in height occurs in bed. Children who do 
not sleep are stunted in physical development and are anemic and 
poorly nourished; they have poor power of attention and of memory, 
and there is not enough time for their association processes to organize 
the material which has been presented to the mind during the day. 
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Dr. Lewis M. Terman* examined 2,692 children to ascertain whether 
social status of the home, home study, and the possession of typical 
nervous traits had any relation to the hours of sleep, or if the latter 
bore any relation to school success. He found that there was no 
correlation either above or below, and that no one point seemed to be 
in any way related to the other. 

Bernhard, of Germany, and Ravenhill, of England,+ found that 
there was a deficiency of sleep amounting to nearly 25 per cent. in 
school children. Nearly all physicians emphasize the need of sleep for 
the growing organism. Sherrington states that boys between 13 and 
15 years of age require 10 hours of sleep, and further that they should 
retire at 9 o’clock and should not be disturbed by people coming in, 
as the quality of sleep is as important as the quantity. 

Duke’s table is as follows :t 


TABLE 34 
AGE Hours AGE Hours 
Under 6 13 Under 10 11 
Under 7 1216 Under 13 10% 
Under 8 TZ Under 15 10 
Under 9 11% Under 17 916 


TEACHING OF HYGIENE 


The last few years show a notable advance in the interest mani- 
fested by school children in matters pertaining to personal, family, 
school and public health. Revelations of physical defect in the popu- 
lation of North America during the recent war demonstrate the neces- 
sity of educating children in health habits, in the correction of physical 
defects, and in a knowledge of the facts, principles and motives which 
underlie or influence the production of health. Work of this character 
cannot be regarded as effective unless it is made sufficiently vital to 
carry over into the outside every day reactions of life. In fact, this is 
practically the only purpose of teaching school hygiene. Many 
educators believe that unless greater emphasis is placed on social or 
community hygiene, children will not be interested in the subject; 
in other words, that to make the matter of moment to the child, 
factors less directly centered upon himself must be brought to the 
foreground. Undoubtedly too much has been said in the past, at 
least to younger children, about physiology, anatomy, bacteriology, 
ete., which rightfully belong to the High School curriculum, and too 
little about the actual, practical experiences of health. Wood, Reesor 
and Bonser have published an article entitled ‘Health Instruction in 
the Elementary School’’§ illustrating the method of teaching hygiene 


*The Sleep of School Children: Its Distribution According to Age and Its 
Relation to Physical and Mental Efficiency, Fourth International Congress of 
School Hygiene, iv, p. 38. 

+ Both quoted by Terman. 

t Warner, ‘‘ Study of Children.” 

§ Teachers’ College Record (May, 1912). 
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in connection with the child’s daily experiences in the home, school or 
community, or as related to other phases of science which are being 
studied in school. 

The Speyer School* presents the following method of teaching 
hygiene: Hygiene of the home is taught by games representing the 
mother’s activity in getting children ready for school, the child’s 
duties to his person, the preparation of breakfast and simple care of 
food, the airing of beds, sleeping and ventilation. At the lunch period 
the use cf napkins is taught. During daily work there is constant 
training in personal habits (turning of the head when coughing, the 
use of handkerchiefs, pencils, drinking cups, etc.). 

First Grade—A miniature flat is constructed, and the children 
are taught the care of the house and the care of pets and animals. 

Second Grade-——Nature study. This phase of work is presented by 
Jack Frost and his playthings (water used in cooking and growing, 
ice, snow, ete.), buds, seeds, plants, germination, home pets; the cats, 
food, clothing, teeth, feet, tongue, whiskers, etc., the care of the cat; 
clean habits. 

Third Grade-—Homes; their lighting, heating and ventilation. 
The modern home is compared with the Eskimo, Indian, Cliff dweller, 
Hebrew, American, country cousin, city cousin. The care of stables 
for cows is studied and also the care of milk and refrigeration. 
Further topics are dust, rubbish, ete. 

Fourth Grade—Climate, clothing and food are taught through 
interest in geography and industrial activities. The principles of 
lighting and plumbing are also included in this grade. 

Fifth Grade——The topics are school life and service; school sites, 
school lighting, heating, temperature, ventilation, furnishing, toilets, 
water fountains, drinking cups, paper towels and soap, disinfectants, 
fire protection; janitor and helpers; street cleaning department, police 
department, fire department, how the city cares for and protects its 
schools, Departments of Health, sanitary codes, etc. 

Sixth Grade—This grade includes race studies, industries and 
factory life, tenement houses, water supply, hospitals, dispensaries, 
parks and playgrounds, pure food laws, vaccination, tuberculosis, 
and modern conditions. 

Seventh Grade.—The school class is organized into a Civic League, 
for community, school and civic improvement. Monthly reports of 
investigations are made and work is actually accomplished. Some 
problems are referred to the League by the lower grades. Children of 
the seventh grade also study the nature of soil, drainage, climate, 
natural conditions, rivers and sluggish water. Health laws are investi- 
gated and the civic powers involved in the municipal government of 
New York City (any city). 

Eighth Grade——Here the pupils are taught the responsibility of 
citizens in electing good officers, the facts regarding epidemics, 


* Ibid. 
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immigration, prevention of tuberculosis, temperature, effect of tobacco, 
accidents and drowning, methods of preventing and dealing with © 
fire, and the more salient features in bad buildings. Industrial diseases, 
bad habits, etc., are also under consideration. 

Some educators would feel that topics rightfully belonging to 
civics have been introduced here. If so, the point of view can be 
altered so as to make health topics secondary to civics, but the connec- 
tion should in some way be maintained. 

The New Jersey system includes a study of the special sense organs, 
exercise, sleep and rest, the alimentary tract, circulation, respiration, 
the nervous system, drugs, accidents and emergencies, self-control and 
good manners. 

The following is an outline of the course given by the Department 
‘of Public Instruction, Trenton, New Jersey, the title of which is “The 
Teaching of Hygiene and Safety;” 


I. Personal hygiene. 
(a) Health of the body and bodily action. 
(6) Health of the mind and mental action. 
(c) Proper social relations and moral conduct. 
II. Family hygiene. 
III. School hygiene. 
IV. Community hygiene. 
V. State hygiene. 
VI. National hygiene. 


In each of these fields three phases may be recognized: 

1. Conservation or preservation of health. 

2. Improving health and health conditions. 

3. Eradicating disease and removing disease-producing conditions. 

No matter what method is used the teacher’s inspection of children 
should precede the morning exercises of the kindergarten, and continue 
through school. Instruction in hygiene naturally occurs with the 
inspection and centers about cleanliness of the hands, clothing, shoes, 
etc. 

Opinions differ as to the advantages of beginning health instruction 
below sixth grade. In the School of Education of the University of 
Chicago no formal instruction of this kind is prescribed in the earlier 
grades, but the clientele of this school is composed of families of 
intelligence, who attend to the health habits of their children. In 
public schools with a mixed and often unintelligent clientele it is very 
essential to begin at the outset to drill children in the care of their 
teeth, in cleanliness, ete. If hygiene is taught all through the grades, 
at least 30 minutes a week should be devoted to it. Ifitis taught in 
one grade, it should occupy 30 minutes daily during the six months 
devoted to it. 

The Department of Education of the City of Boston “ Provisional 
Course of Study in Physiology and Hygiene for the Elementary 
Schools’’* presents excellent material. Kansas, Virginia, Minnesota, 


* School Document No. 6 (1910). 
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New York City distribute printed health educational matter both for 
_ parents and children. Virginia publishes a Health Bulletin covering 
such topics as First Aid, Prevention of Accidents, Public Health 
Catechism on Preventable Diseases, Malaria, etc. The Department 
of Health of New York City publishes monthly health bulletins for 
school children called ‘“‘School Health News” discussing such topics 
as Headaches, Hands as Transmitters of Disease, Dangerous Appetites, 
etc. An excellent outline, not printed, on Teaching the Care of the 
Baby is in use by the Department of Health of Chicago. 
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Fig. 250,—A-French method of teaching hygiene to children. 


There are many stimulating adjuncts to the teaching of hygiene: 
graphic material in the form of models can be procured from the 
Educational Equipment Company, 70 Fifth Ave., New York City. 
Hygiene charts may also be procured from this firm. Dr. Thomas D. 
Wood (of Teachers’ College, New York City) has published a pamphlet 
on Health Charts which contains illustrations of something over 50 
charts covering phases of health, interesting to children and to parents. 
The Educational Museum of Clark University (Worcester, Mass.) 
presents a very fine Catalogue of the Department of School Hygiene, 
containing an exhaustive description of suggestive and graphic material. 
Children may make charts themselves by assembling pictures which 
are pertinent to the subject or by drawing illustrative pictures. These 
interest them much more than any charts that can be bought. 

Such work is discussed in a pamphlet entitled ‘‘Teaching Health” 
published by the Department of the Interior, Bureau of Education, 
1919. Other suggestions will be found in the Fourth International 
Congress of School Hygiene, iii, p. 48. The French use rather 
grotesque posters (Figs. 250, 25 1) which are both instructive and amus- 
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i hildren. Many museums offer some of their movable material 
a A and ant a be done through Child Welfare Exhibits. f 
The Bureau of Welfare of School Children in New York City, the 
Elizabeth McCormick Fund of Chicago, and some Life Insurance 
organizations publish very helpful material. 
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Fig. 251.—A French method of teaching hygiene to children. 


Health can be taught dramatically with excellent results, as in 
other lines of education. This phase of the subject is presented very 
ably by F. M. Gregg.t The nurse, and her place as a teacher of hygiene, 
and her methods of doing it, are discussed in an article full of sugges- 
tions by Katherine Olmstead.§ There should be at all times the 

* Winslow, C. E. A., Museum Coéperation in the Teaching of School Hygiene 
and Sanitation, F. I. C. 8, Ei aiie 


+ Powlinson, C. F., The Influence of Child Welfare Exhibits on the Health of 
School Children, ibid. 


t Teaching Hygiene as Nature Study, F. I. C. 8. H., iii, p. 266. 


Effective Methods of Teaching Hygiene in Schools, American School Hygiene 
Association, vii, p. 29 
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closest cooperation with the Department of Health, the Tenement 
ey the Fire Department, and the Street Cleaning Depart- 
ment. 

The most remarkable impetus to the practice of hygiene has 
recently come to school children from several sources. Dr. Emerson’s 
work in nutrition (p. 928), Dr. Fones’ work in dental hygiene (p. 954), 
Miss Jessie Bancroft’s work in posture (p. 966), the agitation about 
flies, and the methods of reward for their extermination, have all 
produced excellent results. The nutritional chart which visualizes 
the child’s effort and success, or failure, by means of a chart which all 
may see, the impetus of room rivalry given by some live teachers to 
older pupils in regard to both their own teeth and those of their 
neighbors, is most interesting. The younger pupils of a High School 
of Chicago, having had their own dental defects corrected, assumed 
the responsibility of a public campaign of the neighborhood teeth, and 
made a survey by means of a house-to-house visitation. Much 
depends, of course, upon the personality of the teacher, and her prepa- 
ration for such work. She should be an inspiration, but such inspira- 
tions often require a tempering quality which not only enthuses but 
restrains the ardor of youth in public endeavor. 

Colleges and normal schools have been very slow in seeing their 
opportunities and responsibilities in this phase of education, but: 
courses in personal and school hygiene are now being more generally 
organized throughout the country. 
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Value of Exercise and Rest to Public Health. ; ; 
Values of Pure Foods and the Physiology of Digestion. 
The Cause and Prevention of Nervous Prostration. 

The Prevention and Cure of Tuberculosis. 


THE TEACHING OF SEX HYGIENE 


There are several conditions met in childhood which make the 
teaching of sex hygiene imperative, viz., sex abuse, sex misinformation, 
conflict and delinquency. 

Sex abuse which is minor in point of importance presents two facts 
for consideration: 

First: It is almost universal among boys and seems to produce 
relatively little effect upon them unless they are abnormal. Second: 
It should be corrected and overcome by reasonable information and 
the establishment of hygienic habits but it should not be so empha- 
sized as to produce the psychasthenic condition resulting from fear, 
which is sometimes far worse thanthe habit itself Thesymptoms of 
masturbation are friction, day dreaming, auto-erotism, mental apathy 
or irritability, lack of attention and consequent loss of memory and ane- 
mia from loss of sleep. There should be no confusion in the minds 
of boys in regard to seminal emissions. It is necessary to teach them 
that this is normal functioning. For further particulars see Moll, 
“The Sexual Life of the Child.” 

Sex Misinformation.—Except in a few unusually guarded com- 
munities, sex misinformation among boys is practically universal 
before the age of 10. Unmistakable facts have been discovered in 
boys’ schools of excellent reputation, in all the grades of public and 
private schools and in communities of high standing, showing not only 
that information of this character is general, but that perverted sex 
practices among children are very common. 

Conflict.—It is a fact that in monogamous countries, largely Jewish 
and Christian, where the family is stressed as the unit of civilization, 
the public conscience eventually reaches a stage of social development 
which is dominated to a considerable degree by the instinct of race 
preservation. It seems to recognize the fact that among other things 
the purposeless and sometimes the purposeful discussion of sex leads 
to thought and occasionally to conduct which it is trying on the above 
ground to avoid. This probably accounts in some measure at least 
for the almost universal tendency of adults to avoid the topic of sex, 
especially in the presence of children. Though this is unexpressed, it 
amounts to a very strong body of public opinion which, while children 
do not understand, they feel definitely. Conscience represents the 
individual’s tendencies to do right and is summoned into action when 
tendencies appear which are wrong. Conflict arises either with a fail- 
ure to understand or when two instincts mutually antagonistic are 
aroused. This is well illustrated by the sex instinct which fights for su- | 
premacy against the regulative instincts, 7.e., the desire to conform to 
law and to regard a higher Power. If the child does not understand 
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why the sex tendency holds within itself elements of evil and if those 
to whom he ordinarily looks for help turn away from the subject in 
a peculiar and mystifying way, so that the energy which accompa- 
nies curiosity is repressed and can find no outlet, confusion results 
first, sometimes followed later by mental conflict which is the result 
of confusion and repression. If, as is usually the case, some powerful 
emotional element accompanies the repressed experience, there results 
a complex perpetuated by the vividness of associations which rapidly 
become systematized into new and dangerous habits of thought. 
In proportion to the development of conscience the memory of, experi- 
ences of this type are repugnant, consequently they are buried in the 
subconscious as rapidly as possible and are often unrecognized by the 
person who suffers from them.* 

There are many social conditions that tend toward the moral 
disintegration of sex consciousness. Among them are over room 
congestion, lack of personal privacy, the intermingling of adults 
and children under conditions and at times which are contrary to 
the traditions of civilized communities. Further, there are public 
dance halls, and boat excursions, many of the movies, and until 
recently the saloon: all contributing significantly to the general trend 
downward. 

Sex Delinquency.—A study——of the causes of recidivism in 2000 
juvenile delinquentst —indicates that in 7 per cent. stealing, lying, 
truancy, sex delinquency,.cruelty, etc:, have developed into permanent 
tendencies and that as a general thing they have arisen as the result 
of early sex traumata. 

Dr. Healy gives a detailed list of 40 cases which show that seven of 
these children were only six years of age and 21 under the age of 10 
when they were subjected to the sex information or experience which 
produced the trauma which made them repeaters in crime. The 
immediate informants were either older boys or girls. The imagery, 
which in most cases was strong enough to amount to an obsession, 
was either visual or auditory and had its immediate genesis in conver- 
sation, pictures, drunken orgies, or vice not due to alcohol. The 
results were those already mentioned: stealing, pathological lying, 
sex delinquency, truancy, spells of obstinacy, murder, violent temper, 
and suicide. It is probable, though this has not been proven, that a 
similar study of ordinary school children whose behavior is particu- 
larly troublesome but who are not sufficiently delinquent to get into 
the courts would reveal a percentage as large. 

The following is a study somewhat in detail of a little pupil in the 
Orthogenic School of Rush Medical College whose mentality and 
adaptability were seriously injured by mental conflict. The purpose 
of presenting it is to show the situation in which such conditions 
frequently arise, the background necessary to establish a cure and 
the remedial measures employed. It was related by a psychologist 


* Freud, 8., “The Interpretation of Dreams.” “Studies in Hysteria.” Nervous 


and Mental Diseases, Monograph Series, No. 4. 
+ Healy, William, “Mental Conflict and Misconduct.” 
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connected with the school. As the boy’s mother was an honest 
thoughtful woman, anxious about the welfare of her children, and as 
it was customary to obtain all the history possible from the parents, 
she was asked to come to the psychologist’s office for an interview. 
The child was very much under weight and height. The mother was 
therefore approached on the basis of feeding; it being suggested that she 
give her boy one quart of. milk daily. She seemed anxious to help 
him but said it was very hard with so many to feed and so difficult for 
her husband to find work. When it. was suggested that she apply to 
the “Charities” or that the office would apply for her, she said that she 
had never accepted help and she never would, though she starved. — 
She was then approached upon the subject of bad boys in her neighbor- 
hood, whereupon she said she and her husband had decided to move 
to a less populated district on that account. When asked if Max had 
learned anything bad from the boys she stated that Max was as pure 
as an angel of God. This she thoroughly believed. Max had been 
' in the school above referred to for a year and a half and had made 
very slow progress. Not only was he physically undeveloped but he 
was very anemic and restless, had a violent temper and sometimes it 
seemed as if he were in torture. His basal metabolism had been taken 
at the clinic and found to be 81+. The latter factor, if a manifesta- 
tion of Graves’ disease, may have functioned as a cause. On the 
other hand, it may have been an effect of his sex tendencies. As a 
result of observation, he underwent a minor operation in the hospital 
from which he was discharged as quickly as possible because he upset. 
the ward by his extraordinarily restless and uncontrollable behavior. 
Shortly after the opening of the school year the psychologist relates 
that she visited the school one day and noticed that Max looked much 
better. On a later visit, however, the teacher said ‘‘Max is doing 
poorly. Something is the matter.’ The psychologist at once turned 
to the boy and said, ‘‘I’m going back to the clinic now, will you go 
with me?” On the way over some questions were asked as indirectly 
as possible about the boys with whom he played at home. ‘Oh yes! 
They were awful bad. Stole and did things like that, ete.” ‘‘Do they 
ever say bad things?”’ “Yes, terrible things.” ‘‘Do they ever show 
you bad pictures?” ‘Yes.’ ‘Do you ever see bad things?”? Then 
followed a recitation of some evil practices occurring in the alley which 
he said happened frequently. “Do these things trouble your mind, 
Max?” “Yes, I try and try but I can’t get them out.” “But do you 
have to play with these boys?”’ she questioned. ‘‘There’s nothing else 
to do,” the boy replied. “Can’t you playin the backyard?” ‘No, the» 
landlord’s too stingy. He won’t let anybody in there and I haven’t 
any toys to play with in the house. If I had some tools I could make 
things.” As a means of securing his confidence therefore, he was 
promised some tools and sent back to the school and the case was 
reported at once to the Juvenile Protective Association for investiga- 
tion of neighborhood conditions. When Max returned to the school 
he said to the teacher, “I'had a good time, but I was awful scared 
to go. I thought she took me over so I’d get a needle stuck into: 
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‘me (he had previously had a Wassermann), instead I came back with a 


pleasant secret.”” This was the beginning of a series of interviews 
which, he was told at the outset, were to help him recall everything 
that was troubling him because if he could do so and he would talk 
them out, they would go away. Image after image was revived in 
detail often with great embarrassment. With the revival of each evil 
image there was an effort on the part of the psychologist to effect a 
transmutation by substituting ideas and images which in the ehild’s 
mind would stand for reverence, ethical value and true sexual purpose. 
Max is a sample, not only of the alley child, but insofar as mental 
conflict is concerned of many nursery children who appear as inno- 
cent to their mothers as Max did to his. Dr. Healy says that there 
is ample proof that these children are not necessarily neurotic, nor 
the inheritors of neuroses; that as a group they have no peculiar 
qualities of character, temperament or disposition; that they are not 
mentally defective, that they have no primary lack of general mental 
control and no primary inadequacy or disturbances of the processes of 
mind such as memory, association, imagination, etc. Almost all 
children are exposed to the evil attitudes, thoughts, words or experi- 
ences of older people or sophisticated children. Ordinarily sex impres- 
sions of all kinds join the multitude of other experiences in the general 
melting pot of the mind and cause very little trouble, unless their 
number is overwhelming; occasionally, however, they strike a highly 
impressionable, conscientious, imaginative, sensitive child. It is this 
group, probably, which constitutes the seven per cent. of juvenile delin- 
quents, a larger proportion of psychopathic and inferior personalities, 
many of the major hysterias, some of the psychasthenias and a con- 
siderable number of people living without apparent cause, on a level 
inferior to their native ability. 

Conflicts and complexes of this nature consume mental and physical 
energy which is beyond all estimate. They injure the disposition 
and destroy habits of concentration. Memory then becomes affected 
and the keen edge is taken from all mental activity. Sometimes 
moral strength comes out of the conflict, but more often a conditioned 


‘reflex is established or the child is sensitized (to borrow bacteriological 


phraseology) so that he emerges from the struggle with a peculiar 
susceptibility that decreases his resistance. These court children 
are dominated by compulsions which are too powerful to be resisted. 
One of two evils is imperative and stealing seems radically better to 
the child than evil sex thoughts or practices. Because their inner 
conflict is a sealed book to the majority of adults who deal with them, 
they are harassed or hardened by misunderstanding. The successful 
psychologist, be he man or woman, is therefore primarily a friend, who 
handles the problem objectively but with an element of true motherli- 
ness which supplies him with an inspiration he can safely imitate, 
helps him to unburden his difficulties and gives him courage for sus- 


tained moral effort. 


The Teaching of Sex Hygiene.—The purpose of teaching Sex 
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Hygiene should be essentially constructive and may be considered 
under the following headings: 

To establish right root ideas. ; 

To assist in establishing normal, strong habits of thought, concen- 
tration, control of the imagination, ete. 

To make sex characteristics clear to youth. 

To aid in the control of emotion. 

To establish early habits of general control and judicious sex 
standards and to fortify the will against temptation. 

To create character and respect for chastity, for normal parenthood, 
for persistent and loyal family relationships and for social integrity 
in the community. 

To correct misinformation. 

To overcome conditioned reflexes. 

To prevent mental complexes. 

Sex education begins ideally in response to questions which children 
ask regarding the subject. Exceptionally intelligent mothers, who 
are skillful enough to present information indirectly so that it will 
come about naturally, need not wait for questions. They may forestall 
the child’s curiosity by information which is given incidentally in the 
ordinary routine of domestic life. The preparation of fowls for the 
table gives mothers an excellent opportunity to use material at hand 
for lessons in anatomy, showing the heart, crop, intestines, sex organs 
and unlaid eggs. By presenting all of the organs under exactly the 
same conditions they establish the right attitude and the beginnings 
of a proper vocabulary. Other opportunities arise as they teach the 
care of the genitalia at the time of bathing or when the child is being 
undressed for bed. The bed time story can be used to great advantage. 
Stories of father and mother birds and of the little birds provide 
mothers with means for instruction in human maternity, the more 
intelligent mothers including instruction in human paternity. Mothers 
who use these methods invariably testify to the child’s candor and 
freedom from self-consciousness if they have had the first opportunity. 
It is important to remember that sometimes children do not ask ques- 
tions because they have had preceding misleading information. If 
sensual ideas are already installed the child’s confidence must first be 
secured. This done, clear, satisfactory statements of the truth should 
follow. These statements must be free from sentimental symbolism— 
not mixed with metaphors whose sole purpose is to cover the embarrass- 
ment of the adult who is giving the information. 

Too little has been said about the importance of freedom from 
repression in the family in the discussion of sex matters. Any child 
either boy or girl, should feel free to approach either father or mother 
with questions or observations of this nature. If fathers discuss these 
topics only with their boys, and mothers only with their girls, an atmos- 
phere of repression and self consciousness is created and this atmos- 
phere does harm. On the other hand, children may safely be taught 
reticence in regard to sex topics together with the mention of hee 
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functions in general. American parents who are prepared by tradi- 
tion or training to teach their children are very few, therefore parent- 
teacher associations, and other similar organizations, should undertake 
parental training. In many communities the school physician is-the 
logical leader of movements like this and perhaps the only one who 
can give to parents the information which they in turn should give 
their children. Helpful suggestions for such teaching in the home and 
in school are found in the bibliography at the close of this article. 

Emphasis should be placed not only on the teaching of sex facts. 
but on the importance of codperative obedience. While positive 
attitudes and behavior are fundamental, the child must also learn to 
inhibit, learn it early, and from day to day. This does not mean that 
he should be constantly or even frequently repressed in moral, mental 
or physical activity or in the ordinary rough and tumble reactions 
natural to healthy boys and girls, as these are important for develop- 
ment. It is certain, moreover, that he should not be nagged as nagging 
checks development, but reasonable consideration for others and self- 
control are necessary for easy adaptation in the future and if not 
learned early will be learned at great expense later on. Those who fail 
in adaptation continually fall into the groups of inferior and psycho- 
pathic personalities and are the despair of courts, social workers and 
physicians. They are the ones for whom there is no place either in 
the world at large or in institutions because they are dangerous in 
the former and misfits in the latter. It is of the utmost importance, 
therefore, that self-control be developed so as to lay the foundations 
for sex control at puberty when anti-social tendencies ordinarily 
begin to develop. 

The teaching of sex hygiene in school properly begins as group work, 
in the kindergarten or first grade, in connection with plants or with 
breeding birds and animals, especially ring-doves, guinea pigs and 
rabbits, which are introduced into the class-room for the purpose of 
familiarizing the children with the more universal idea of parenthood. 

Miss Elsie Wygant, of the School of Education, University of 
Chicago, furnishes the following experiment in teaching reproduction 
to the children. “This is the statement of reproduction which the 
second grade group made. For two consecutive days we had talked 
this over. I brought in a tulip, daffodil and lily to show them larger 
pistils in which they could see the process better. The third day, 
from this explanation and discussion they formulated the enclosed. 
I have underlined the only help I gave. 

‘Dear Friend: 

I am sending you some pussy willows, gray-green and yellow. I 
will tell you about them. The gray pussies are the tree’s flower buds. 
When they burst, they turn green. When they are fully in blossom, 
they turn yellow. ‘The yellow is the pollen. The pollen falls through 
a hole in the pistil, and makes the seeds.’ (I suggested this to get the 
thing into more general form. They caught the idea as you can see 
by the following sentence:) 
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‘Every flower in the world has a pistil and pollen. Every seed in 
the world is made by the pollen falling onto a pistil. Sometimes the 
pollen and the pistil are in the same flower. Sometimes they are in 
different flowers. A pussy willow tree has pollen flowers on one tree 
and the pistil flowers on another tree. The wind blows the pollen 
from one tree to the other. Later we find the seeds on the* pistillate 
tree. Then these seeds blow away to plant other pussy willow trees.’”’ 

Kindergarten and primary teachers are sometimes appalled by the 

. knowledge and attitude of children of excellent birth and good breeding 
which is incidentally disclosed. Children overheard discussing among 
themselves the problems that arise from material which to the mind of 
a sensitized child may seem suggestible, require careful instruction 
not in groups but as individuals. The teacher should be sure that she 
has been able to clear away all debris of an evil nature, as it is her 
function not only to impart scientific data but to create attitudes of 
reverence and purity. 

The very highest type of personality should be trained for this 
kind of scientific teaching. Teachers of sex hygiene require a thorough 
preparation in general science not only to give them the facts but also 
to fit them to appreciate the unity and nobility of nature in all her 
phases. It is especially important that children and young people 
should both like and respect these teachers of sex hygiene because 
personal influence is needed to carry over the right point of view. 

An excellent book for grade work is ‘‘ Plant and Animal Children 
and How They Grow,” by Ellen Torelle. It may be said incidentally 
that it is dangerous to place books of this nature in the hands of 
children, but instruction should come entirely from the teacher and labora- 
tory material below the high school. Some very remarkable chapters 
have been written on sex in plants, notably “‘The Text Book of Botany,” 
by Strasburger, Noll, Schenck and Karsten, and another of the same 
name by Coulter, Barnes and Cowles. Others of great value will be 
found in the bibliography appended. Miss Jessie Phelps, of the State 
Normal College at Ypsilanti, gives an elaborate and practical course 
in sex as part of naturalscience. Dr. Mary Blount, of Chicago Normal 
College, emphasizes in her courses the fact that children are primarily 
interested in the sex facts of mammals. The possibilities of natural, 
wholesome class attitudes in connection with sex physiology are 
demonstrated in the following incident: A boy in one of her classes, 
who had been absent during a previous demonstration, asked if he 
might dissect a rat and work out the problem he had missed. No 
sooner had he opened the body of the rat than he said, ‘‘ Why there are 
a lot of little rats here.’ Those at the table leaned over and looked at 

‘the rat in his tray, and after they had seen it, he said, ‘‘ Don’t some of 
the others want to see this?”? The next day the teacher took advan- 


*““They had several phrases for the tree ‘that the pistilis on,’ ete., which were 
clumsy. After some work on their part I said, ‘we call that tree the pistillate tree. 
Would that help you?’ John F. said, ‘Yes, why didn’t you say that a long time 
ago; then one word says it all.’”’ ‘ 
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_ tage of this opportunity and presented the matter in a formal class 
period. 

Full information regarding maternity and reproduction is not 
enough to satisfy youth—the aim should be to make them understand 
themselves. What is the significance in adolescence of the newly 
developed energy, idealism and attraction to the opposite sex? What 
significance has affection, marriage, the family? What is eugenics? 
What are their social responsibilities? 

The teacher may not be able to reach individual difficulties either 
inside or outside of the class room. Doubtless the most essential 
thing after all is some sympathetic older person of intelligence and 
experience, pastor, priest, physician, psychologist, parent, dean of 
girls, teacher or friend who will encourage the perplexed adolescent 
not only to talk out his difficulties and relieve his repressions and com- 
plexes but one who will see to it that normal outlets of work and play 
are afforded, that opportunities are provided for the assumption of © 
adult responsibility and for constructive, altruistic service, which it 
must be remembered is very attractive to young people. Without 
question a sincere religious experience aids as does nothing else in 
furnishing a motive for the control of emotion and imagination, in creat- 
ing sound objective enthusiasm for chastity and in providing resistance 
and self mastery in temptation. Much of the current teaching in sex 
hygiene for adolescents and adults is based on the fear of the results of 
venereal disease. This may be legitimate, but at best it is negative 
teaching, and succeeds too often in substituting prophylaxis for clean 
living. Instruction in medical prophylaxis has never created a concept 
of the power and importance of chastity, and never will, and unless 
great emphasis is placed on these more spiritual phases of sex, very little 
real progress will be made. The following extract has been taken from 
H. G. Wells’ protest against the dishonesty and inefficiency of modern 
society in handling the sex questions of children and youth.* 

“The world has still to discover the scope and vastness of its 
educational responsibilities. Most of its teachings in these matters 
hitherto has been less in the nature of enlightenment than strategic | 
concealment; we have given the young neither knowledge nor training, 
we have restrained and baffled them and told them lies. And then 
we have inflamed them. We have abused their instinctive trust 
when they were children with stories of old Bogey designed to save us 
bother that unrestrained youthful enterprise might cause, and with 
humorous mockery of their natural curiosity. Jocularities about 
storks and gooseberry bushes, sham indignations at any plainness of 
speech, fierce punishments of imperfectly realized offenses, this against 
a background of giggles, knowing innuendo, and careless, exciting 
glimpses of the mystery. have constituted the ordinary initiation of the 
youth of the world. Right up to full age, we still fail to provide the 
clear elemental facts. Our young men do not know for certain whether 
continence is healthy or unhealthy, possible or impossible; the sex is 

* “Joan and Peter, the Story of an Education.” 
Vou. I—66 
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still assured, with all our power of assurance, that the only pure and 
proper life for it is a sexless one. Until at last the brightest of the 
young have been obliged to get down to the bare facts in themselves 
and begin again at the beginning. . . 

“So Joan, co-heiress of the Ages with Peter, found that because 
of her defaulting trustees, because we teachers, divines, writers and 
the like have shirked what was disagreeable and difficult and unpopular, 
she inherited nothing but debts and dangers. She had not even that 
touching faith in Nature which sustained the generation of Jean 
Jacques Rousseau. She had to set about her problem with Peter 
as though he and she were Eve and Adam in a garden overrun with 
weeds and thorns into which God had never come.”’ 
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HYGIENE OF INSTRUCTION 


Reading. Use of the Eyes in Reading.—By means of an elaborate 
apparatus consisting of a camera with moving films, filtered light, 
mirrors, a kymograph, ete., it is possible to observe and record other- 
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wise unseen movements of the eyes in reading.* The records (Fig. 
252-256) demonstrate the fact that in reading there is not a con- 
tinuous uninterrupted movement of the eyes from left to right, but that 
during the passage of the eyes across the page along a line of print 
10 cm. in length there are from 9 to 6.7 fixations or pauses. These 
fixations are unrelated to words or phrases or sentences. They may 
be demonstrated imperfectly after overstrain of the retina from too 
great exposure to bright light, in the jerky movements of musc» 
volitantes.t In the reading of adults, the last fixation of a line occurs 
considerably to the left of the end of it, the past reading experienced, 
supplying the material beyond. 

As children inexperienced in reading are obliged to scrutinize all 
words, it is therefore desirable to supply them with books in which the 
lines are short. The section of line between two fixations or pauses 
is called the perception or attention span. The average attention 
span occupies 0.023 second. Rapidity of reading depends largely upon 
the length of this span, which can be increased with practice. During 
the attention span, the meaning content of the reading matter is regis- 
tered but not comprehended. Comprehension and assimilation of 
material-occur during the pauses. The pauses average 0.185 second in 
length. If the pause is too short, fatigue results, and there is a lack 
of time for proper assimilation, association, and memory organization. 
Rapidity of rate is affected also by regressive movements of the eyes. 
Regressive movements occur in children unaccustomed to language 
symbols, and in adults who need to comprehend more carefully. 

By examination of Figs. 252-256 it will be noted that vertical lines 
cross the reading material at more or less irregular intervals. These 
lines indicate “‘fixation points.’”’ The number of the fixation is found 
above the line, the length of the pause in thousandths of a second 
below the line. Figure 252 represents silent reading by a rapid reader; 
Fig. 253 oral reading by the same subject; Fig. 254 represents silent 
reading by a slow reader. In Fig. 254 pauses 1 and 2, and 11 and 12, 
represent regressive movements. In Fig. 255 pauses 4 to 6 represent a 
gap inattention. In Fig. 256 pauses 8 to 14 represent minute analysis 
of words; pauses 5 to 1 represent a period of extreme confusion. 
Attention spans that are too short indicate that the efforts are ex- 
pended in mastering the mechanics of words rather than the meaning. 
Words are the units of speech, but phrases are more often the units 
of meaning. It is for this reason that definite effort must be made to 
produce the habit of reading in meaningful units or phrases, which 
implies the longer attention span. If Fig. 252 and Figs. 254 and 256 are 
compared, it will be seen that the number of fixation pauses is in- 
creased in the latter; in other words, the length of the attention span 
is decreased with poor readers and with those who read aloud. This 

*Gray, C. T., Types of Reading Ability as Exhibited Through Tests and Lab- 
oratory Experiments, Supplementary Educational Monograph in The School 


Review and the Elementary School Journal (August 29, 1917). 
+ Huey, E. B., ‘Psychology and Pedagogy of Reading.” 
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indicates that the reader is not free and familiar with his material, 
but, as has been said before, is obliged to analyze too closely. The 
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Fia. 254,—Silent reading. Slow reader. Regression pauses 1 and 2, 11 and 12. 
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Fia. 256.—Pause 8 to 14, minute analysis of words, 5 to 1, period of extreme 
confusion. Silent reading. Slow reader. 


average number of pauses in a line is eight; extreme cases register 
as Many as seventeen or even more. 
Another fault seen in Fig. 254 is that of backward movements of the 
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eyes, or regressions, in which the first pause follows the second, and 
the eleventh follows the twelfth. This indicates that the eye has 
made a movement which does not fit recognition.* Such move- — 
ments occur in children unaccustomed to language symbols, and 
In adults who need to comprehend more carefully. In order to get 
the word or letter necessary to complete recognition the eye must 
move back. . 

In Fig. 256 we have a notable example of confusion in which the child 
tries to comprehend a mass of visual sensations so unfamiliar that he 
flounders in his effort to cipher them out; and lastly, in Fig. 255 we have 
an instance of a fairly good reader whose fixation pauses occur for 
the most part with the syllables, an exception occurring between pauses 
4 and 6, where there is a very long attention span during which the 
subject omitted to make any mental record of what she was reading, 
shown by the fact that when questioned she could not recall this 
section of the material. 

Head movements, which cccur in young readers, also retard the 
rate. 

Inner vocalization is a very general accompaniment of silent read- 
ing, and is due to habits which the muscles controlling speech acquire 
in the practice of oral reading. It can be overcome by practice in 
silent reading with material that creates so much interest that the 
reader flies over it with a rapidity that makes inner vocalization im- 
possible. The greatest amount of inner vocalization occurs in the 
third or fourth grades. At this period it helps to increase compre- 
hension. As it hinders rapidity, however, close concentration in 
silent reading must be substituted for it. This may be accomplished 
either by -interest in the subject matter, or by clearly understood 
effort with subsequent analysis, outline, or reproduction of the subject 
read. 

In the case of reading defects it is desirable to make a specific 
diagnosis before trying to overcome reading difficulties. Except in 
the more pronounced cases this would involve the purchase of a 
reading apparatus which is expensive. Every school system, however, 
should be equipped for this diagnostic work, and the experiments 
would probably be made best in the Child Study Department. A very 
crude method of distinguishing reading defect is to place the subject 
directly in front of the examiner and have him lift the book or reading 
material very nearly to the level of his eyes. In doing so the upper 
eyelids are lifted, exposing the eyeballs. Thus, as he reads the lines, 
the eye movements can be observed and sometimes a rough diagnosis 
made. 
 Treatment.—For beginners, simple words should be used which 
involve action (run, hop, etc.). This can be reinforced by illustrative 
pictures and dramatization. Much emphasis is being placed upon 


* Judd, C. H., “Reading: Its Nature and Development.” 
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“Flash-word drill.” In a study of reading conducted by Mr. W. L. 
Miller under the direction of Dr. W. 8. Grey both of the University 
of Chicago, with borderline children in the Orthogenic School of Rush 
Medical College, it was found that relatively too much emphasis had 
been placed upon phonics and too little upon word presentation as a 
whole. It was quite clear from the study that short scrutiny of words 
when the child was concentrating was the best single method to pursue, 
relating the words, of course later to the content. Words of greater 
length and complexity are taught phonetically. After the fourth grade 
a distinct effort should be made to discover head movements and inner 
vocalization. If there is unusual difficulty, words are analyzed, 
prefixes and suffixes studied, words similarly derived are studied in 
groups—the dictionary being consulted—synonyms are found, idio- 
matic phrases compared, and silent reading practised largely to the 
exclusion of oral reading. 
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As future efficiency depends in a large degree upon rapidity and 
comprehension in silent reading, it is important that special training in 
this line be given. The most effective way of accomplishing this is 
by the reading of interesting material, with rehearsal of the contents 
later, so that a check may be made on the thoroughness with which the 
work is done. 

The whole aim is to procure habits of long attention spans and short, 
well assimilated fixations, with resulting increase in a clear compre- 
_hension of subject matter, greater fluency, and less fatigue. Dr. 
Judd’s book, which deals also with alexia, or congenital word blindness, 
is an exceedingly helpful presentation of the entire question. 

The importance of readable type cannot be over-estimated. 
There is a great difference in the legibility of different letters. The 
most legible letters are w, m, q, p, v, j, and f. The letters h, r, d, g, 
k, b, x, 1, n, and u are fairly legible, while the letters a, t, i, z, 6,58 
and e are but poorly legible. C, e, and oareso muchalike that they are 
easily confused, I looks like 1, a looks like s, and hlikeb. In reading, the 
eye, as it moves horizontally across the page, focusses just below the 
top of the main part of the letters, and practically ignores the lower 
part. The above example illustrates this admirably, and shows 


how important upper prolongations are in giving meaning to the 
whole. 
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In order to avoid confusion of illegible letters, printers of school 
books have tried to give them more individuality and to make them 
therefore less fatiguing to the eye. Print, on the whole, should be 
much larger; the internal spaces of the letters themselves should be 
wider. Cohn and Graupner advise 1.5 mm. as the shortest height for 
single space letters at a working distance of 25 em. This gives an 
optical angle of 2°. The largest optical angle (for primer letters) 
is 4.5 to 5.0°. For beginners, spaces between words should be wide 
also, so that the child may not be confused by the crowding of unfa- 
miliar symbols upon theretina. The lines of print should be at least 2.5 
mm. apart. Cohn has a test apparatus consisting of a white card in 
which a square 0.25 em. in diameter has been removed. Through this 
space it should be impossible to see more than two lines at once.* 

Huey gives the following sizes of print for school readers: 


(1 point 149 inch) 


Priniverrs 35.2 en eee 18 point type 1 inch height Letter 1 body of type 
High first and second 

PLANES « eb cae 14 point type 1449 inch height » Children begin to read 
hird erade.c/v2..a8 aor 12 point type € inch height 


Print can be still smaller for older children. 

In primers the leading should be twice the distance of the size of 
the letters. If care is not taken in regard to this point, children will 
isolate words by holding the book closer to the eyes, thus making the 
pictures of single words on the retina clearer. This practice, however, 
is harmful to the eyes, producing faulty accommodation, congestion, 
and myopia. Books should not be held closer than 12 inches. Some 

convergence is always necessary when objects closer than 18 inches © 
are scrutinized. 

When there is a glare on the printed page the reflected image is 
not accurately focussed upon the retina, because the eye is focussed for 
the printed matter. Therefore, the image of the light source is spread 
out over the retina forming a veil, which reduces the contrast. There 
is also the distracting effect due to the tendency of the eye to turn 
toward the glare spot. The glare also reduces the size of the pupil, 
all of which aids in producing eye strain in reading.{ Books, there- 
fore, should be printed upon flat, white paper. Polished surfaces, 
-such as desks, smooth blackboards, glossy ink, and glazed paper 
particularly, reflect not only diffuse light but the image of the source 
of lizht, and are both fatiguing and confusing. 


Reading tests: Gray, W. S., Standardized Oral Reading Paragraphs, Univ. of 
Illinois, Bureau of Educational Research. 
Vocabulary Tests, Jones, R. G., Deputy Supt. of Schools, Cleveland, Ohio. 


*Kruse und Selter, “‘Gesundheitspflege des Kindes.”’ ; 
{ Luckiesch, M., Glare from Paper, Fourth I. C. on School Hygiene, v. 
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Word Knowledge or Visual Vocabulary, Thorndike Reading Scale, A-2. 

Monroe, W. s. Standardized Silent Reading Test, The Public School 
Publishing Co., Bloomington, III. 

Silent Reading, Courtis Standard Research Tests. 

Silent Reading, Haggerty Intelligence’ Examination. = 

Burgess, May Ayres, A Scale for Measuring Ability in Silent Reading. 

Thorndike-McCall Reading Scale, Teachers’ College, Columbia Univ., New 
York City. 

Kansas Reading Tests. 


Among the best articles that has yet appeared concerning the teach- 
ing of reading is entitled ‘‘ Remedial work in Reading,” Anderson C. J., 
and Morton, Elda. The Elementary School Journal, vol. xx, No. 9 
(May, 1920), p. 685, and vol. xx, No. 10 (June, 1920). 

Parker, Samuel Chester, ‘‘How to Teach Beginning Reading.” 
Elementary School Journal, vol. xxii, Nos. 1, 2, 3, 4 (Sept., Oct. 
Nov., Dec., 1921). 

Gray, W.S., Principles of Method in Teaching Reading, as Derived 
from Scientific “Investigation.”” The Eighteenth Year Book, Part II, 
Public School Publishing Co., Bloomington, IIl.,; 1919. 

Arithmetic.—In mathematics all other facts concerning an object 
are submerged in the idea of quantity; objects become units, or multi- 
plication of units (groups). Symbols of number are substituted for 
the name of the object; one symbol may stand for one object, while 
another symbol may stand for a group of objects. Addition and 
subtraction deal with units, multiplication and division with groups. 

Arithmetic, therefore, involves a high degree of control in asso- 
ciation. The solution of a problem may be reached only by the choice 
and logical sequence of a few related facts. Reason is a late develop- 
~ ment of the mind. Number work, therefore, should not be started 
too early, and should, in the earlier years, entail no grind. When 
problems are finally attempted it is unwise to push their solution with 
too much persistency. Periods of oral and written arithmetic should 
not follow each other, but should be interspersed with work which is 
less intensive. :; 

The mental peculiarities that arise as a result of too much mechan- 
ical drill in arithmetic are usually of two kinds: (1) the counting habit; 
(2) arrests due to incorrect use of devices. The counting habit, or 
arithmomania, is a condition in which ideas of quantity fill the mind 
instead of ideas of cause. It is largely. due to class work in concert 
with rhythmic emphasis, as in counting aloud or repetition of multi- 
plication tables. Nervous children addicted to this habit may ha- 
bitually count the planks in the sidewalks, or if they tap the floor with 
one foot a number of times they must tap as many times with the 
other foot. 

Certain devices, which are valuable if properly used, may produce 
permanent impressions which are almost impossible to shake off. 
Norman Triplett* refers to a woman who had been taught to add and 


* Pedagogical Arrests and Peculiarities, Ped. Sem. (1915), p. 141. 
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subtract by means of the abacus, and who was never able to eliminate 
the red and green balls from her mind whenever she found it necessary 
to add or subtract later in life. One little boy who was overtrained in 
number combinations told his mother that “ Myrtle had combinations 
of five on her coat.” Another child in the author’s experience reached 
the solution of simple problems in addition by referring to the number 
of panes of glass in a specific window in his mother’s room. There 
are many neurotic adults who involuntarily, or as a pastime, trace 
down all numbers that they see casually on the street or elsewhere to 
their least common denominator. Such habits obviously retard and 
arrest mental processes and involve a great waste of nervous energy. 


Educational tests: Courtis Standard Research Tests in Arithmetic. Series B., 
Moody Arithmetic Scales. 

See Bureau of Educational Research, College of Education First Annual 
Report (1919-20). Publ. by Univ. of Ulinois, Urbana, Ill. 

Monroe, W. S., Monroe Standardized Reasoning Tests in Arithmetic, Univ. 
of Ill., Urbana, III. 

“Principles of Method in Teaching Arithmetic, as Derived from Scientific 
Investigation.” Monroe, W. S., The Eighteenth Year Book Part II, 
Public School Publishing Company, Bloomington, Il., 1919. 

Cleveland Survey Arithmetic Tests. Public School Publishing Company, 
Bloomington, Ill. ’ 


Writing.—The hygiene of this branch is concerned with two factors: 
(1) Posture; (2) Eye-strain. 

1. As it is a nervous strain for children to hold any fixed position: 
for more than a short period, it is desirable in writing to find one 
“in which they may deviate in several directions, but from which they 
should not deviate permanently in any direction.” 

The head and body should be held erect during writing. If the 
back is bowed breathing will be interfered with, digestion disturbed, 
the abdominal blood vessels congested, and abdominal muscles lowered 
in tone. The center of gravity of the body in the sitting position 
should lie above and within the base of the pelvis. If there is too much 
leaning, either forward or backward, so that the center of gravity is 
displaced, there will be muscular tension with resultant fatigue. 

Twisting or habitual side bending sometimes results in scoliosis, 
particularly in delicate children. : 

Requirements.—Seats should be adjustable, and should be so fixed 
that the feet rest squarely on the floor, the upper surface of the seat 
meeting the under surface of the thighs, with the legs at right angles 
to the thighs. If there is any back support during writing, it should 
be arranged so as to support the lower part of the back only. The top 
of the desk is best inclined at an angle of 15°, and should extend about 
3 inches over the edge of the seat. The front of the body should 
touch the desk, facing it squarely. The height of the desk should be 
such that the arms may rest easily upon it without being elevated at 
the elbows or shoulders. The elbows should be held about 3 
inches from the body. The right forearm should rest on the desk 
throughout most of its length, at an angle of 60° with the edge. The 
left forearm should also rest on the desk to assist in holding the paper. 
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The best type of movement in writing is called “arm movement 
with rest.” By this is meant a rolling movement of the arm upon the 
pad controlled by the muscles on the front of the forearm. This 
movement gives not only firmness and evenness of line, but also regu- 
larity of slant, since it is produced from a center at a considerable 
distance from the penpoint. 


J 
S 
© Edge of Desk 


Pra. Zod 


It is advantageous to adjust the arm so that the hand, in writing, 
progresses easily and smoothly along theline. It shouldrest, therefore, 
upon some freely sliding points of contact, such as the finger nails 
or side of the little finger. This position avoids cramping. ‘ 

The fundamental accessory muscle theory is involved in this matter 
of writing movement. One school teaches that, in the beginning 
at least, only trunk, large, or fundamental muscles should be used in 
writing. This, however, is a very awkward practice, because finer — 
finger adjustments are also necessary in producing good script. The 
other school advises the use of the accessory with the fundamental 
muscles, basing its theory and practice on observations of infants, 
who at a very early age use the small finger and hand muscles in 
grasping. They emphasize, however, the importance of relaxation in 
holding the pencil or pen. They advise that until the third grade 
only pencils should be employed in writing, that pens, when first used, 
should be coarse, the proximal end of the penholder made of cork or 
rubber, and the thickness such that it will not slip in the fingers, while 
permitting them at the same time to bend around it easily in a natural 
manner. They insist upon easy writing materials in the earlier grades, 
such as slightly rough paper for work with pencils, and hard paper for 
pen work. Their investigations show that precision and steadiness 
of movement are deficient in young children, and that the steadiness 
with which a child of six years can maintain any position is four times 
less than that of an adolescent. Children less than 9 or 10 years of 
age, therefore, should not be required to make movements which 
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are very precise, rapid, or complex, or which demand great steadiness 
of adjustment. 

Dr. Freeman summarizes these points as follows: 

Primary grades: Large, free arm movements without precision. 

End of third grade: Children accustomed to the use of the pen 
should write a large hand, making 50 well-formed letters in a minute, 
and should be able to express thought in writing. 

Fourth grade: There should be much better motor control, the 
child now becoming interested in perfecting his writing, and submitting 
intelligently to drill in forming correct habits of movement. 

High school pupils should be able to make one hundred letters 
per minute. 

2. Eye-strain.—Requirements necessary to avoid myopia and eye- 
strain: 

Eye-strain results from inequality of distance, as well as inequality 
of vision. In all eye functioning both eyes should be at the same dis- 
tance from the point upon which they are focussed. It is important, 
therefore, that the paper in use should be held in front of the body. 
There is far greater danger that the paper will be held too far to the 
right than to the left. In either case, eye-strain and poor posture 
result. 

Distance of copy from the eyes: 


AM Puente ayer tes te Weng Aveo FRG RVG ESS. ix Ey gue ae) Sue na eee ee 16 to 20 inches 
Minin) tore re mmar etades mr eeu... sc assy eet te erie 14 inches 
Minimuymdtor-invermediave 2radestns.. 1... . ae eR See 12 inches 
NInUMIInELOre ph Marya uacdesar ee aie wiv losao Riel Ae. Ge See 10 inches 


On account of the natural hyperopia of the eyes of children under 
7 years of age, it would be desirable to have the copy held still farther 
away. Because of the child’s size, however, 10 inches is the greatest 
distance that is compatible with the correct use of the arm. The 
habit of many hyperopic children of bringing the eyes much closer to 
the copy than 10 inches should be corrected. 

Size of Letters—Primary: One space letters as a should be 14 inch 
high. 

Third grade: One space letters as a should be 14 inch high. 

Upper grades: One space letters as a should be }¢ inch high. 

Spacing of Lines—Primary: If ruled paper is used, the lines should 
be 1% inches apart. 

Third grade: If ruled paper is used, the lines should be 1 inch apart. 

Upper grades: If ruled paper is used, the lines should be 3g inch 
apart. 

Slant.—Vertical and slanting script. 

Vertical script is that in which the down strokes of the letters are 
at right angles to the edge of the paper or line of writing. Vertical 
script has been advocated largely because some investigations have 
shown that in schools where it is taught the percentage of scoliosis is 
less than in schools teaching diagonal or Spencerian script. The 


1052 HYGIENE OF THE SCHOOL AGE . 


Wundt-Lamansky law states that the eyes move most freely in a 
vertical or horizontal direction. The line connecting the center of 
vision of both eyes is the basal line of a plane which is projected to 
the writing paper. If the head is held erect, and the edge of the 
paper is parallel with the edge of the desk, this plane will coincide with 
the line upon which the writing occurs. The vertical slant, however, 
is very difficult to keep uniform, unless the paper is held somewhat 
to the right. Pedagogists prefer the slanting type of writing because it 
is necessary to have the paper in such a relation to the forearm that 
when it rotates about the elbow as a center it will carry the hand along 
the line of writing, thus decreasing fatigue. As a matter of fact, it has 
been demonstrated that if the paper placed directly in front of the writer 
is turned 20 or 30° to the left, with the right forearm at an angle of 
60° with the desk (Fig. 257), the down strokes of the letters take 
a direction approximately perpendicular to the edge of the desk 
when it is faced directly. It is also maintained that the lower edge 
of the plane projected from the basal line connecting the eyes tends to 
be perpendicular to the down stroke, which is the guiding stroke, instead 
of the ruled line of the paper. The most natural direction of the 
upward and downward strokes of diagonal writing is toward the body, 
or approximately at right angles to the edge of the desk. This makes 
’ the writing deviate by the same angle that the paper is tilted. 

Speed.—Pupils should write slowly enough to enable them to make 
letters with some semblance of their true form, and with some regularity. 

Medium grammar grade.............. 200 double strokes per minute. 

Lower primary. eradeé sate «a aarsse ee oles 100 double strokes per minute. 

The correct procedure in teaching writing is to choose some simple 
word which is already of significance to the child, write it for him on 
the board, have him attempt to copy the word by imitating the action, 
and finally lead him to criticize his own products, so that he may intelli- 
gently choose a procedure which will produce improvement. 

Fatigue always appears earliest during the first learning periods 
of any subject. In the first five grades there should be frequent 
writing periods of 10 minutes; in the elementary school, periods should 
never be longer than 20 minutes. 


Tests for writing ability: Thorndike’s Scale for Measuring the Handwriting 
of Children in Grades Five to Hight. Teachers’ College, Columbia Univ. 

The Freeman Chart for Diagnosing Faults in Handwriting. Univ. of Chicago. 

Freeman, F. N., ‘A Course in Handwriting.” Elementary School Journal 
vol. xxii, Nos. 5, 6, 7, 8, Jan., Feb., March, April, 1922. (University of Chicago.) 

See also The Eighteenth Year Book, Public School Publishing Company 
Bloomington, Ill., 1919. 


Spelling.—Some children learn to spell more easily through their 
eyes, some through their ears, some through corresponding movements 
of the face and throat. Therefore, in group work especially, it is im- 
portant to present the printed word, to speak it, and to write it 


simultaneously. Lay’s spelling experiment, which illustrates these 
facts is, as follows: 
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TaBLE 35.—PERCENTAGE OF ERRORS PER Puri 


Hearing—without speech movement....................... 3.04 
LOAM ean LOU RMAs oc oe eb dee le 2.69 
Hearing—with:loud speaking.) sides 6. <i ce lc cee we oc 2.25 
Seeing—without speech movement PERC) Seri Bas eo Sat 1222 
eu i Iete o (nae le | 1.02 
Osi net enon kine tOUG ete eee NRIs sce. sc. sess. 0.95 
Necing——Copying, speaking low o oc... scene ees eccsescees-s 0.54 


It will be seen that the combination of seeing, writing, and articu- 
lating produces the best results. 

The best single method of spelling is by drill in wbioh words are 
divided into syllables. The principles of the drill method are ‘“suffi- 
cient repetition, adequate attention, and avoidance of wrong associa- 
tions.”’ If the children are old enough to understand the signifi- 
cance of prefix or suffix, its meaning should be explained, so as to make 
the performance as little that of rote memory as possible. In every 
other way also, meaning should be associated with the word. The 
words should not only be presented as column drill, but with the latter 
it is important to present them in dictated sentences so that their 
relation may be comprehended. Spelling will be vitalized if it accom- 
panies reading and writing and geography. 

Drill should be directed first to words in common use in the commu- 
nity. There should also be separate lists for younger children, for 
advanced spellers, for foreign children, and for those preparing for 
vocations which require a specialized vocabulary. Incorrect spelling 
should always be corrected, and record charts should be used by means 
of which the child can watch his own progress. 

Reviews, spell-downs, and inter-school spelling contests can occa- 
sionally be introduced as stimulants. 

Many schools teach spelling only in connection with reading, etc., 
until the age of 10 years, after that introducing drill periods of 15 
minutes a day. This doubtless answers very well for good spellers, 
but would be totally inadequate for poor spellers, who require dal 
from the outset. 

Horn, Ernest, Principles of Method in Teaching apelin as Derived from Scien- 
tific Investigation. (Excellent bibliography.) The Eighteenth Year Book, 
Part II, Public School Publishing Company, Bloomington, I1., 1919. 

Freeman. F. N., “Psychology of the Common Branches.” 

’ Wallin, J. E. W., “Spelling Deficiency.” 

Heilmann, J. D., ‘‘AStudyin Spelling.” Research Bulletin No. 2, Colorado State 
Teachers’ College Bulletin. 

Ayres, Spelling Scale. : 

Seé bibliography in Educational Tests and Measurements, Beeson, 
M. F., Research Bulletin No. 7, Colorado State Teachers’ College. 


THE KINDERGARTEN 


The Kindergarten was originated in Germany by Friedrich Froebel, 
at about the beginning of the nineteenth century. His philosophy | 
was based upon the supposition that the child is born with a certain 
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ability to conceive abstract ideas. For the development of these 
conceptions, and also to embody or symbolize them, he evolved play 
material which he called gifts* and occupations. The ball, for instance, 
expressed the idea of infinite development and absolute limitation of 
unity; the cube symbolized the idea of multiplicity not only to a phil- 
osopher but also to a little child. 

On the other hand, he taught that social experience was neither 
an influence nor a determinant in human development, that rather 
all knowledge and all the activities of life come from within and must 
have free expression. He advocated, therefore, placing material 
before the child and allowing him to work it out according to his own 
fancy. Out of this theory grew the practice of laying stress upon 
freedom, self activity, initiative, purpose, and creative power, all of 
which are great factors in the mental growth of the child and are 
recognized as representative principles in modern education. 


Graves’ ‘‘Proceedings of the Twenty-third Annual Meeting of the International 
Kindergarten Union,” p. 53. 

Temple, Alice, ‘Survey of the Kindergartens of Richmond, Indiana.” 

Brown, Grace L., ‘“The Play Motive and Experimental Method in Kindergarten 
Occupations,” “Experimental Studies in Kindergarten Education,’’ Teachers’ 
College, New York City. 

In his studies with Pestalozzi, Froebel had seen the importance of 
sensory training and of manual activities. Upon this he worked out a 
system of nature study, through which he expected to develop the 
child’s esthetic nature and love for animals. He also published a 
book of songs (Mutter und Kose Lieder), and collected stories for 
dramatization by which he intended to develop the child’s imagination. 
Above all, however, he demonstrated the power of play in producing 
interest, concentration, and moral adjustment (article on Play, p. 
1070). In other words, Froebel sought to give the child experience 
rather than instruction, and to educate him by motor and sensory 
activity rather than by books. To develop this activity as has been 
said he devised play materials of two kinds: gifts and occupations. 

The gifts: 

First, the ball—six woolen balls of six different colors, three pri- 
mary, three secondary. Froebel regarded this form as the one from 
which all other form was developed. Miss Elizabeth Harrison says: 
“With the ball is taught possession and loss, consciousness of self and 
not self, position and location, ‘here—there;’ time and rhythm, 
‘now—then;’ space, ‘near—far,’ ‘up—down,’ ‘high—low,’ ‘round 
and round.’” ~ 

Second, a box containing a sphere, a cube and a cylinder. Through 
them, differences of shape and movement are discovered. Angles 
are learned. The cylinder is seen to comprise both the ball and the 
cube, from which the later gifts are developed. 

Third, a wooden cube of 2-inch dimension divided into eight small 
cubes of equal size. The idea of this cube is that of a whole and parts. 


* Kilpatrick, W. H., ‘“Froebel’s Kindergarten Principles Critically Examined.” 
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Combinations of one-half, one-fourth, and one-eighth are learned. 
The small cubes serve also as building blocks. 

Fourth is a cube made up of eight oblong parallelopipeds. These 
teach length, breadth, and height, communicated motion, balance, 
and vertical building. With them can be demonstrated divisions 
of the cube, enclosure of space, extension plays, surface movemenis, 
etc. 

Fifth is a development of the third, and is composed of twenty- 
seven blocks, some of which are triangular. 

Sixth is a development of the fourth, and is composed of twenty- 
seven oblong parallelopipeds about 14 inch in thickness. 

Seventh, surfaces—quadrangular and triangular tablets of thin 
wood. 

Eighth, small sticks or laths, 14 x 14 X 6 inches. These repre- 
sent extension only. 

Ninth, circular and semi-circular rings. 

Tenth is a seed or lentil, in which dimension is reduced to a point. 
(H. M. Mills). 

The gifts were used also to represent objects and activities that 
are connected with human relationships, such as the construction of 
houses, churches, enclosures, and furniture—“ life forms.’ 

The occupations are devices of paper cutting, folding, weaving, 
and paper sewing, through which Froebel expected the child to express 
himself. They are intricate, easily torn, and some of them exceedingly 
difficult even for adult hands. They have been largely discarded. 

The Gifts and Occupations violate: 

1. The Pedagogical principle, that whatever is the best educational 
method or device for one stage should be the best preparation for the 
stage that follows it. Froebel failed to see that both gifts and occupa- 
tions were meaningless material and could carry over only such 
values as might be gained by playing with toys of any kind. 

2. The Physiological principle, that little children cannot advan- 
tageously handle small objects that require precision of movement. 
The smallest gifts are only 14 inch in their longest diameter. 
As has just been said, the occupations are intricate, deal with very 
perishable material and require such nicety of adjustment as is found 
difficult even by adults. 

Miss Elizabeth Ross Shaw says: ‘‘The gifts are fetiches of an 
esoteric cult. In glancing through the Annual Report of the Interna- 
tional Kindergarten Union, and the Kindergarten Report of the Com- 
missioner of Education for 1916, I found it very significant that the 
‘gifts’ are not once mentioned in them.” 

In April, 1909, Dr. I. A. Abt published an article entitled “An 
Inquiry into the Status of the Kindergarten.” The data for his 
investigation were largely obtained by means of a questionnaire sent 
to physicians, educators, kindergarten teachers, first-grade teachers, 
and mothers. 
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The following subjects are considered in his article: 
. Age limits. 
. School conditions. 
. School attendance (regularity—effect of weather). 
Kindergarten and infectious diseases. 
Kindergarten and nervous children. 
Kindergarten and overstimulation. 
Bad influences of the Kindergarten. 
. Favorable influences of the Kindergarten. 
. Factors which make the Kindergarten desirable. 

The conclusion of the investigation was as follows: ‘‘The desira- 
bility of the Kindergarten depends upon the state of health of the 
child, the qualifications of the teacher, the disposition and capacity 
of the mother, the environment of the home, and the equipment of 
the Kindergarten. 

1. The consensus of opinion is that four to five years, preferably 
five years, is the proper age for admission. 

2. “‘We must insist upon proper hygienic surroundings for these 
children, even though their hours are short, because it is here that an 
impress—a most undesirable one—may be made on the child’s physical 
health, from which recovery is not only protracted, but may be 
impossible.” 

3. About two-thirds of the children remain in attendance through 
the year. The main reasons for falling off in attendance are inclement 
weather and winter exodus of well-to-do parents to warmer climates. 

4. Contagious diseases cause by far the largest number of absences. 

5. Nervousness among healthy children causes practically no 
absences unless home conditions predispose to nervousness. 

6. On the other hand, nervous children may become more excitable, 
more restless at night, or they may acquire habit spasm. The teacher’s 
personality has a profound influence upon such children. 

7. Baneful influences are exerted by very fine hand work, long 
periods devoted to such work, too many subjects in the curriculum, 
too much specialization, too many teachers, too much ‘showing 
off” of the children at exercises for the benefit of visitors, too many 
normal school students observing the children at one time, too much 
hurry and bustle, too closely following a set program, and too little — 
play. 

8. Points in favor of the Kindergarten: it teaches the child to 
observe in a logical, profitable way; it inculeates habits of discipline 
and obedience, observation and thought; it imparts.a training that 
cannot, as a rule, be received at home, affords opportunity of social 
contact with children of like age, teaches self-control, makes the child 
democratic, independent, purposeful (especially in the case of back- 
ward children), gives them new ideas, makes them creative, encourages 
mental and physical development, and isa logical tink between the home 
and the school. 


This article of Dr. Abt’s was a great stimulus, producing among 
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Kindergarten leaders a wholesome reaction toward a type of activity 
based upon child study with special emphasis on his physical equip- 
ment. The statement of Miss Patty Smith Hill, Director of the 
Kindergarten Department of Teachers College, that ‘‘ Kindergartners 
are trying to get away from every system except the nervous system,”’ 
has become classic among them. 

The actual changes that have occurred in the methods of Kinder- 
garten instruction are the following: 

1. Gifts are placed in the background. 

__ 2. Size in gifts is greatly increased. The first departure from the 
gifts were enlarged blocks designed at the School of Education, Univ. 
of Chicago, having the following dimensions: eubes, 6 X 6 X 6; 
parallelopipeds, 12 X 6 X 3; pillars, 12 x 3 X 3; tablets, 6 x 6 X 3 : 
and boards for roofs, 3 feet X 6 X 1inch. Tables, chairs, etc., are 
made large enough to fit the children, and the children themselves 
build houses which are large enough to play in. In the Kindergarten 
Department of Teachers College, New York City, children are sent 
out to observe such complicated structures as a Fifth Avenue bus, so 
that they may reproduce them with blocks. 

3. All Froebelian ‘‘occupations”’ as such are eliminated. 

From a constructive point of view the Kindergarten presents to 
the child organized schemes of play and work known as (p. 1062) ob- 
jective projects* based upon those experiences of the home with which 
he is most familiar. These schemes are progressive and include 
activities that carry him out beyond the home into those of the neigh- 
borhood and community of which he is becoming an integral part. 

The Kindergarten of the Department of Education of the Univer- 
sity of Chicago, under the direction of Miss Alice Temple, has de- 
veloped the following curriculum, based upon the psychology of the 
child from four to six years of age. 


The daily program is as follows: 
9:00- 9:10 Informal social period. 
9:10— 9:30 Greetings and rhythm period (songs). — 
9 :30-10:00 Morning exercises or conversation period. 
10:00-10:15 Recess and lunch (one Graham cracker while 
playing about). 
10:15-10:50 Hand work, block building. 
10:50-11:10 Out-of-door play or indoor games. If the former, 
children have not only the advantage of greater freedom and limitless 
fresh air, but they also have the experience of putting on and removing 
their outer garments. If the latter, games are played with windows 
wide open. If at all possible, play at this period occurs out of doors. 
The children are free at this time to play as they wish. 
11:10-11:45 Hand work again. 
11:45-12:00 Story and dismissal. 


* Parker, Samuel Chester, Project Teaching, Pupils Planning Practical Activi- 
ties. . Elementary School Journal, xxii, Nos. 5 and 6 (Jan. and Feb., 1922). 
Vou. I—67 
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This program’ progresses definitely throughout the year. tee 
fall program deals largely with the social subject. of food supply are 
its preparation in the home, the grocery and farm being sour i 
supply. Excursions to these places are taken, and the projects worke 
out from the observations of the children and teachers together (Fig. 21). 


Fig. 258.—1. Boat—a group project. 2. Hen yard—group project, nature 
study. 3. Street car—individual project. 4. Store, group project. 5. Interior 
of Kindergarten—(note bench for visitors, piano, etc.). (From Kindergarten 
School of Education, University of Chicago.) 6. Flat building—school, church and 
house. Opp. side; grocery store, ete. 7. Model of first Fort Dearborn after 
Whistler’s etching and model at Chicago Historical Museum. Project in sand 
table; fence made of broom corn centers and houses of corrugated card board. 
Devised by older “ Borderline” children in Orthogenic School, Chicago. 


In the winter program the subject matter deals with the homes 
and stores of the community, community activities, the care of 
streets in winter, the ways of communication from house to house, 
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the work of the postman and the assembly of large groups of people 
in community buildings. The spring program centers about the home 
and garden and also considers ways of communication from one city 
to another. 

Materials used in the Kindergarten are clay, sand, nature material, 
(leaves, grass, etc.), blocks for building, paper eonstruction, dolls and 
paper dolls for dressing, textile materials and wood work material. 
The out-of-door equipment consists of slides, swings, see-saws, all 
built close to the ground, and a fence 3 feet high on which to climb 
and walk. The fence should be finished on top with a 6-inch board 
for balance work. Indoor baseball is played. 

G. 8. Hall advocates a stone and wood yard in which there are 
stones varying in size and weight, some as heavy as a child can lift 
and some as small as pebbles. It should also contain glass, ore, 
minerals, fossils, arrow heads, slings, and clubs. In winter advantage 
should be taken of snow for the purpose of digging, rolling, and leap- 
ing. Snow is also excellent material with which to make letters, 
snow images and cart wheels. Snow air is invigorating and free from 

erms. 
= KINDERGARTEN HYGIENE 

The Teacher—G. S. Hall says,* ‘‘So far as my acquaintance and 
personal impressions go, Kindergartners are, perhaps on the whole, the 
most womanly and motherly representatives of their sex to be found in 
modern society. They should know something about children, their 
teething, milk supply problems, atypical and subnormal children, 
common diseases, emergencies, cuts, bruises, burns, bandages, etc. 
They should be able to answer intelligently practical questions of 
younger mothers on such topics as hammocks, perambulators, ortho- 
pedics, institutions, weaning nipples, and adenoids, outline the regi- 
men for impending motherhood and parental care, the social and 
sanitary environment of the child and neighborhood, feeding at home, 
ete.’ 

Housing.—lf the Kindergarten cannot be out-of-doors, it mniphits 
at least in winter, be above the top floor, under a roof wide open to 
the light, similar to some of the health provisions of hospitals. 
Winchester Schofield} reports that responses to a questionnaire indicate 
that most Kindergartens are having as much activity in the open air 
as possible. In the free Kindergartens in Hawaii, bathing suits are 
included as part of the regular equipment. 

Sub-committees on Health Sanitation and Hygiene of the I. K. U., 
1916, are issuing a bulletin on Kindergarten rooms, buildings ona 
equipment, for the Bureau of Education. The bulletin covers the 
Ene topics: 

_ What a modern Kindergarten stands for in physical conditions 
ee provisions for indoor and out-of-door activities. 

* “Educational Problems.” 

t Kindergarten Education, Department of the Interior, aa of Education, 
Chapter xviii, i (1916). 
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2. Location and housing. 

3. Room or building: rooms specially planned, rooms adapted, 
open air Kindergarten. 

4. Out-door features: garden, playground, roof garden, apparatus, 
sand pile, pets and their housing. 

5. Equipment. ; 

6. Sanitary measures: ventilation of old and new rooms, heating, 
cleaning, disinfecting, toilet supplies. 

The Kindergarten room of Teachers College is approximately 
70 X 40 feet with south exposure on the broad side. If possible, 
the Kindergarten room should be somewhat remote from other rooms. 
The floor should be washed daily and the sand or sand piles should be 
discarded once a month or baked (“Sanitation of School Buildings,” 

. 1080). 

4 Length of Periods.—It will be noticed in Miss Temple’s daily pro- 
gram that the work periods last 35 minutes, rhythm work 20 and 30 
minutes, recess and lunch 15 minutes, story 15 minutes, and greetings 
10 minutes. As a considerable part of the time devoted to hand 
work is consumed in getting out materials, in inspection and com- 
parison of the other’s work, etc., the actual length of the period is 
not unreasonable. In the Montessori Schools, in which for the most 
part there are younger children, periods are not well defined, the 
children being free to work when they choose. The Montessori Schools 
are also provided with washable rugs which they spread on the floor 
and on which they may lie down. ‘This is in order that their bodies 
may not be taxed by remaining in one position too long. The free- 
dom thus given to the impulse to change the muscular strain of his 
body whenever the child so wishes (an excellent point) is an ad- 
vance over and above the amount of freedom allowed in the ordinary 
Kindergarten.’’* 

' Home Reactions.—If the Kindergarten child sleeps soundly, is not 
irritable, gains in weight normally, has good color, and is not easily 
fatigued, the experience may be regarded as desirable. 

During the year 1914-1915 the number of the Kindergartens 
increased from 8825 to 9486, with an increase of 21,000 children. 
Six hundred and twenty of these Kindergartens were public, 41 private. 
Those states, with the exception of Nebraska and Rhode Island, 
that have no special legislation on the matter have the fewest Kinder- 
gartens. There are at present 4,000,000 children of Kindergarten 
age unprovided for.t+ 


MANUAL TRAINING 


At the present time this is a very generally and very well established 
part of the school curriculum, and it is an educational factor of no mean 
*Harrison, E., U. S. Bulletin, (1916). 


tFor methods of securing Kindergarten legislation, see Reprint from Report 
of Commissioner of Education (1916), Chap. xviii, i, Kindergarten Education. 
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importance. It has acquired its reputation for the following reasons: 

1. It develops the constructive instinct. 

2. It familiarizes the child with the materials of art and industry. 

3. It quickens sensory development and the development of per- 
ception. The imagination of little children is so great that it is diffi- 
cult for them to grasp clearly the elements of the materials or objects 
that they handle. Construction work forces them to see the compo- 
nent parts of things distinctly and intelligently. It supersedes the 
wantonly destructive tendency of the child, which is usually nothing 
more than a manifestation of curiosity, by intelligent discriminative 
analysis of objects, or by the union of parts of objects into a significant 
whole. This aids in establishing mental habits that are healthfully 
objective, rather than subjective, and it aids in producing construc- 
tive imagination (Hygiene of Instruction). 

4. The power of sustained attention is greatly increased on account 
of the child’s natural curiosity and interest in objects. 

5. Motor training, which involves simultaneous training of the 
attention, develops motor control by acting through nerve and muscle. 
Experiments in sawing wood have been made by R. R. Row* for the 
purpose of securing data on the effects of the use of tools in the develop- 
ment of motor ability. The subjects were given very accurate direc- 
tions, were made to work under the same conditions, and all used the 
left hand so as to eliminate differences in already acquired ability. The 
charts,f made on a basis of time and accuracy, show a decrease in the 
time curve and an increase in accuracy. Uniformity and steadiness 
were also acquired in continued motor activity. Whenever reflex 
or random movements of children are replaced by voluntary efforts 
a far greater degree of efficiency is reached. 

6. Judgment is developed because of the difference in the fitness 
of materials, of distances, and of the cost in time. Further, the higher 
purposive or reasoning processes are involved because it is necessary to 
look ahead, not: only to the finished product as a standard 
of comparison for each step of the process, but also to the value of the 
product to the outside world. ‘This is especially true in older children, 
though all mechanical problems no matter how simple involve some 
thinking. Modern mechanical toys designed for construction work 
involve great mechanical principles, as for: instance leverage, inclined 
planes, pulley, roller, wheel and axle, and clamp devices. These 
principles are likewise employed in many very primitive devices with 
which the child plays. _ 

7. Morally, children are signally developed by both their successes 
and failures in manual work, probably because results are tangible and 
cannot be easily concealed. Bluffing is practically impossible. In a - 
technical High School in Chicago every imperfect article, no matter 
how slight the imperfection, is ruthlessly broken and thrown into the 
junk pile. With little children, precision of technique is not warranted ; 

* “The Educational Meaning of Manual Arts and Industries.’ 
T Row, p. 80. 
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in children of this age a few materials for construction purposes are 
better than a large number, because the child’s resourcefulness, self- 
reliance, and sense of power are stimulated, and growth of the child’s . 
nature occurs with the overcoming of increasing difficulties. 

8. Manual training acts as a magnet in procuring school attend- 
ance. A Report of the Committee on Vocational Education of the 
Illinois: State Federation of Labor, 1914, makes the following state- 
ment: ‘‘The child labor problem is intimately associated with schools. 
Reliable investigations and authentic reports evidence that only 7 
per cent. of the children who enter the public schools ever pass through 
them. Not more than one-third of the children who enter the public 
school even finish the elementary grades, and not one-half of them finish 
the sixth grade. In Chicago, 43. per cent. of our children never reach 
the eighth grade, and 49 per cent. of these never finish it.” With 
these facts under consideration, and the further fact that some children 
have anti-social tendencies, particularly disadvantageous from the nerv- 
ous point of view, the benefits of hand work with its power of attraction 
to the individual and its possibilities for happy group and team work 
are obvious. An experiment illustrating the desirability of group 
work, as demonstrated both to the class and to outside observers, 
was made in the sixth grade of the Agassiz Public School, Boston. 
The special industrial class was given an order for 750 paper boxes. 
They worked both as specials and in a group, but they soon learned 
that when they were working toward a common end, each with his 
own responsibility, there was greater economy of material and time, 
that skill increased more rapidly by repetition of the same act many 
times, that there was a standard of accomplishment established below 
which no self-respecting boy wished to fall, and that’no good box 
could be produced if any boy did poor work. 

9. The value of manual work as an impetus to esthetic develop- 
ment must be self evident. Color, light and shade, form, design are 
all coupled with the making of practical objects, and a further appre- 
ciation of good art is-increased. 

Methods vary with the age of the child, but there is always an 
effort to correlate the hand work activity with that of other depart- 
ments in the school. English measurements, natural history, a study 
of animals,—as for example, the fleece of the sheep in relation to 
textiles—all enter into education through manual work, so that the 
ordinary academic studies, as John Dewey says,* are vitalized by it. 

Projects such as ‘‘The Village Street,” so planned that each child 
in the group may be made responsible for a store, a house , a blacksmith 
shop, a flour mill, a fire department, or a carpenter’s shop are typical 
’ of the best work in these lines for younger children. The subject as 
related to the education of little children is delightfully handled by 
Ella V. Dobbs, of the University of Missouri, in her book entitled 
‘Primary Handwork.’’ In this she describes the making of booklets, 


*Some Dangers in the Present Movement for Industrial Educati +1 
Labor Bulletin, i, No. 4. rial Education, Child 
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posters, the use of sand tables, clay, rug weaving, simple woodwork, 
and the artistic uses of paper. 

The. National Education Association, July, 1910, has published a 
Report of the Committee on ‘‘The Place of Industries in Public Educa- 
tion’’ which is very helpful. The place of industries in the Elemen- 
tary School, the prevocational class, and the High School is discussed 
in a report of a sub-committee from an evolutionary point of view, 
viz., from that of the activities of the race in its various stages of develop- 
ment. The progressive character of industries appears in a Study 
of Textile Industry. The neighborhood approach (see projects), 
garden work, ceramic industries, printing, a study of the foundry, 
etc., is found in ‘Manual Arts and Industries,” by R. R. Row. P. 
B. Ballard’s “‘Handwork as an Educational Medium,” Miss Katherine 
E. Dopp’s “The Place of Industries in Elementary Education,” 
and the Manual Training Magazine all supply helpful outlines and 
full directions for this phase of education. 


SPECIAL CLASSES 


A representative law regarding special instruction for the blind, 
deaf, and mentally deficient has been made by Pennsylvania which 
reads as follows: 

“‘ Pennsylvania; Section 1413 of the SchoolCode. Itshall be the duty 
of the county or district superintendent, attendance officer or secretary 
of the board of school directors, in every district in this Common- 
wealth, to report to the medical inspector of the school district every 
blind, deaf, or mentally deficient child in the district between the 
ages of eight (8) and sixteen (16) who is not properly educated and 
trained. The medical inspector of the school district shall examine 
such child and report to the board of school directors whether it is a 
fit subject for education and training. If the child is reported to be a 
fit subject for education and training, but cannot be properly educated 
and trained in the public schools of the district, the board of school 
directors shall secure for it proper education and training: Provided, 
that when it is necessary to educate and train such children outside 
of the public schools, their parents or guardians shall, if able to do so, 
pay to the district the expense necessarily incurred by it in educating 
and training the same; and provided further, that any child who 
is reported by the medical inspector of the school district not to be a 
fit subject for education and training shall be exempt from the provi- 
sions of this act.” 

The Blind.—Special classes for the blind are provided in many 
large cities as a part of the public school system. Blind pupils are 
divided into two groups: totally blind and partially blind. The 
totally blind are provided with the Braille system of raised print, 
typewriting and raised paper. The partially blind are placed in 
especially well lighted rooms; they are provided with books printed in 
large strong type; their home work is done in school, and they have 
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special help from their teachers. All blind pupils are taught reading, 
spelling, arithmetic, geography, grammar,’ history and music in the 
same way, and so far as possible to the same extent as normal pupils. 
The younger pupils are taught bead work, cord and raffia work, the 
weaving of mats, rugs and table scarves, different stitches used in 
sewing, and the making of caps and aprons that are used in connection 
with domestic science courses. 

The physical education equipment .s the same as for normal pupils, 
and it is astonishing to see the freedom, accuracy and agility of those 
more practised on the playground, in the gymnasium, and on the 
athletic field. 

The classrooms are provided with especially comfortable furniture, 
and cots are arranged in the rest room for delicate children. Some 
schools provide a home investigator and teacher.* 

The Deaf.—Special classes for the deaf consisting of 8 to 10 
children have been established in most large cities. Among the 300 
children in these special classes in Chicago, 15 or 5 per cent. come 
from families in which there are from one to three other deaf children. 
About 60 per cent. of the children in these families are slow or backward, 
40 per cent. are bright. It is not known whether retardation inthe 
deaf is due to language difficulty or to native mentality; it is found, 
however, that work in mathematics is probably as retarded as work 
in language, though this may be accounted for by the fact that number 
work has been neglected for the sake of language. Doubtless some of 
the retardation is due to faulty memory. This in turn is due to the 
loss of auditory sensation and perception, chief avenues of mental 
development. 

It has been found that special classes for the deaf should be consoli- 
dated or centralized on account of the grading. Most of these centers 
are in public schools for the normal, but they have their own super- 
visors. The Boards of Education obviate the added expense of 
transportation by providing carfare and attendance fees. 

On account of retardation special stress is laid on sensory develop- 
ment, on manual training, rhythm and dramatization. After being in 
school eight years they are ready for the fifth grade and may undertake 
the regular work of this grade in the public school. The Board of 
Education of the City of Chicago has outlined ‘‘A Course of Study 
for the Deaf,’’ which is very suggestive. Miss Caroline A. Yale, 
Principal of Clarke School for the Deaf, Northampton, Mass., has 
published a manual widely used entitled ‘‘Formation and Develop- 
ment of Elementary English Sounds.” Miss Martha E. Bruker of 
Boston, Mass., is one of the foremost advocates of the Miiller-Walle 
Method of Lip Reading, now quite extensively used in most schools 
for the deaf. The Volta Review published in Washington, D. C., 
by the Volta Bureau is the recognized organ for the publication of 
material pertaining to work of this character. The bureau is head- 


* Roberts, E. L., Medical Inspection of Schools in Great Britain, Dept. of the 
Interior, Bureau of Education, Bulletin No. 49 (1916), p. 30. 
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quarters from which may be obtained any information pertaining to 
this phase of defect. 

E _The Crippled.—In presenting the education of crippled children, 
it 1s necessary to consider the following factors: centralization, build- 
ings and equipment, mental status, school curriculum, health and 
transportation. 

In cities large enough to maintain special classes for crippled 
children it is desirable to have a central school, for at least three 
reasons: First, crippled children require the undivided attention of 
one principal, because each child is not only a pupil, but also a patient 
. who requires individual prescription and treatment, part of which, if 
not all, must be given under the roof of the school. 

Second: all handicapped children require segregation, otherwise 
they are continually depressed by the constant comparison with 
normal children with whom they cannot compete on the same 
terms. 

Third, there is an enormous economy from the point of view of 
equipment and special teachers. 

Advantage of local rooms in the graded schools: economy in 
transportation. 

Buildings-—It is better to have two-story buildings. Crippled 
children find the distances necessary to walk in one-story buildings 
almost prohibitive. It is important that the buildings should be 
equipped with stairs, as the children need practice in stair-climbing. 
' Planes also, and an elevator, are provided in the most modern buildings. 
Rooms should be provided both for individual corrective work and 
class work; other rooms with fairly high ceilings should be provided 
for factory wood work. Rest rooms and bathrooms, and rooms for 
the work of the nurse, are very essential, as well as space for domestic © 
science and domestic arts. 

Equipment.—For Domestic science. 

Domestic arts (design). 

Manual arts and occupational therapy (weaving, basketry, lace 
making, sewing, embroidering, etc.). 

Business—book-keeping, typewriting, shorthand, comptometer, 
adding machine, dictaphone, multigraph, etc. 

Trades—printing (The Jesse Spalding School of Chicago has a 
printing equipment valued at $2000); cobbling; wood work (the above 
school has band saws, turning lathes, grind stones, etc.). 

Manufacture of toys. 

Leather tooling. 

Equipment for Physical Education—Apparatus for the accurate 
measurement of paralysis. 

Tables for massage, corrective work, and therapeutic light. 

Complete apparatus for class work in scoliosis (rings, ladders, etc.). 

Play apparatus, including everything except the giant stride. 

School Curriculum.—Usual elementary school work, and special 
high school work. : 
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Mental Status—Ten per cent. of these children are feeble-minded, 
largely due to infantile spastic paralysis. hia 

Health—The Jesse Spalding School was purposely placed within 
a half block of a highly creditable Home and Hospital for Crippled 
Children. This is mutually advantageous, as ambulatory patients of 
the Home are able thus to attend school. 

Corrective work in this school, for which there are seven physical 
education experts, is done only under prescription. Children are taken 
by the motor bus to the orthopedic surgeons of the various well ac- 
credited hospitals for observation and further advice, by the physical 
education teacher who has the case in hand. Asa rule children with | 
tubercular sinuses are taken to the Municipal Tuberculosis Dispensary 
for dressings, though in some cities an especially appointed school 
nurse does this work at the school. : 

Medical inspection occurs daily, with the primary object of dis- 
covering communicable disease. Superficial medical examinations 
are also made for physical defects. If these are found, they are 
corrected at well accredited general dispensaries. 

Appliances are usually procured at minimum cost. The Jesse 
Spalding School has an arrangement by which the instrument maker 
is assured of payment for the brace, by money contributed by a 
Woman’s Club which can be loaned parents by the Principal until 
payment is secured. The pecuniary condition of the family is investi- 
gated by the school or some hospital social service worker. 

School Lunches.—Lunch of milk or cocoa and crackers is provided 
at recess, and a hot mid-day meal. Children are weighed and meas- 
ured each month. * ; 

Transportation.—The cost of one motor bus with attendant is 
$32.50 per day. This could be reduced by arranging the busses with 
adjustable or movable seats, using the busses during school hours as 
motor trucks. 


PHYSIOLOGY OF EXERCISE 


The especial organs or structures involved in physical exercise are: 

1. The respiratory system. 

2. The circulatory system. 

3. The neuromuscular system. 

4. The thermal system. 

5. The digestive system. 

The Respiratory System and Exercise.— Within the thorax there are 
two types of atmospheric pressure: First, that called intrapulmonic 
pressure; second, intrathoracic pressure. The former is confined to 
the air passages from the mouth to the alveoli inclusive and is equal to 
one atmosphere, both at the beginning and end of inspiration and 
expiration when movement of the chest has ceased and outside air 
is for the time stationary within the chest cavity. On the other hand, 

during the act of inspiration, while the air is flowing in, intrapulmonic 
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pressure falls because the air passages, even normal air passages, 
restrict the column of air more than it is restricted outside. This is 
especially so if the inspiration has large amplitude. During the 
act of expiration, the chest wall follows down the chest contents more 
rapidly than the air can escape, therefore the pressure within the chest 
cavity is greater than the atmospheric pressure outside. 

Intrathoracic pressure is the pressure in the pleural cavity and 
mediastinal space and is exerted mainly on the heart, great blood 
vessels, thoracic duct, esophagus, etc. It is the equivalent of intra- 
pulmonic pressure or one atmosphere, minus the elastic pull of the lungs. 
This minus quantity, produced by the elastic pull of the lungs, is called 
“negative pressure;’’ a pressure which is larger in proportion to the 
amount of stretching imposed upon lung tissue by inspiration. When 
abnormal conditions exist, as in asthma, spasm of the glottis or diph- 
theria with membrane, or even when the glottis is closed during forcible 
expiration, as during the act of defecation, there is compression of 
air in the chest ; in other words, the intrapulmonary pressure is increased. 
Intrathoracic pressure is also increased with expiration under such 
conditions and with the increase, pressure is exerted upon the large 
veins and other structures outside of the lungs in the thorax. Forcible 
inspiration lowers intrathoracic pressure whether the glottis is open or 
closed, because it creates a vacuum. With increased pressure, there is 
a change effected in the mediastinal space, 7.e., the large veins are 
partially blocked and eventually the coronary arteries are emptied. 
As the nutrition of the heart is dependent upon these arteries, it 
becomes a serious matter, because it interferes with their circulation. 
Children should therefore be taught to undergo physical strain without 
closing the glottis or catching or holding the breath (see Howell’s 
Physiology). 

The Circulatory System and Exercise.—The physiology of exercise 
in relation to the heart is discussd in the article on the heart (School 
Hygiene, p. 945). Its importance rests first upon its relation to the 
efficiency of the coronary arteries, and second, upon the reception and 
propulsion of blood from and to the great blood vessels connected with 
it and thence to every part of the body. 

The large veins in the neck and axilla are under the pressure of an 
atmosphere, exerted through the skin, and the same is true of the 
inferior vena cava in the abdomen, but the inferior cava in the thorax, 
the superior cava and the right auricle are under a pressure less than one 
atmosphere. This difference in pressure acts as a constant favoring 
condition to the flow of blood to the heart. The difference is markedly 
increased at each inspiration, during which there is an increase in the 
velocity and volume of the flow to the heart; blood being sucked from 
the extrathoracic into the intrathoracic veins. So far as the inferior 
vena cava is concerned, this effect is augmented by the simultaneous 
increase in abdominal pressure, for as the diaphragm descends it 
raises the pressure in the abdomen, while at the same time it lowers the 
pressure in the thorax. The two factors codperate in forcing more 
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blood-from the abdominal to the thoracic portion of the cava.* The 
opposite effect probably does not occur in the arteries because they are 
thick walled, and are distended by a high internal pressure. 

In the extremities, circulation is hastened by the friction of acting 
muscles on the veins which press the blood toward the heart. Experi- 

‘ments with the plethysmograph show that two tablespoonfuls of 
blood and lymph are forced out of the arm when it contracts. Muscu- 
lar contraction in this way. therefore saves the heart considerable 
work, and draws fresh blood to the part. Balance exercises are 
physiologically harmful on this account because they retain the muscles 
in one position too long. 

The Neuromuscular System and Exercise.—As every sensory 
stimulus is followed by a motor reaction, it follows that the connection 
between the nervous and muscular systems is a very close one. In 
fact, the two together are often called the neuromuscular system. 

Muscle tissue has two characteristics: irritability and contractility. 
Irritability is due not only to nerve stimuli but also to an inherent 
function of muscle tissue itself. Contractility is the result of such 
irritability. Stimuli from the central nervous system may come at a 
rate varying from 30 to 120 per second.* Contractility can in turn 
create new contractions in another coérdinating group of muscles, if 
followed up at once by the stimuli which such contractions produce and 
send to the central nervous system. For example, the movement of 
one foot in walking prepares the way for the corresponding movement 
of the other foot. 

There are two kinds of muscular actions: (1) Endurance exercises. 
(2) Efforts involving strength, skill, and speed.t 

1. Endurance exercises are simple and habitual and are distributed 
over the large muscles. They are represented in marching, walking, 
ordinary running, hopping, dancing, swimming, rowing, skiing, 
bicycle riding; and mountain climbing. They require very little 
conscious effort except when fatigued. The total amount of work, 
however, is far greater than in exercises of strength, skill, or sudden 
excessive speed, and they are very much more effective than any 
amount of gymnasium work. In climbing a hill of 1000 m. in six 
hours, a 14 year old boy, weighing 51 kg. with clothing and equipment, 
would lift vertically 51,000 kg.-m. and horizontally, 3750 kg.-m. Total, 
54,750 kg.-m.t 

After endurance exercises, the pulse drops at once to normal. The 
blood pressure and temperature, however, fall less rapidly. The 
circulation is increased in force and rapidity for some time, especially 
if followed by a bath. In practicing endurance exercises, rapidity of 
motion should be increased gradually for some time, until the ability 
to perform the exercises and the difficulty of the task are balanced. 


* Howell Physiology. 


1 Mackenzie, R. T., in ‘Practical Treatment,” by Musser and Kelly, i, p. 334. 
} Kruse and Selter, ‘“‘Gesundheitspflege des Kindes.”’ 
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Endurance exercises may last for an hour and should occur systemat- 
ically every day (article on the “Heart,” p. 945). 

2. Muscular coérdination is the greatest factor in muscular effi- 
ciency. It is defined by Bowen as energy which causes contraction 
and relaxation, or action and inhibition at the same time. Any ordi- 
nary useful motion involves one set of muscles which contracts to 
make the motion, another set which relaxes to allow it and a third, 
which contracts moderately to guide it. All useful motions are a 
series of orderly alternate contractions and relaxations. The elimina- 
tion of useless movements is necessary for the production of control 
and economy of effort. Habits of skill are most essential, not only 
because they are valuable from the viewpoint of motion but also 
because they produce permanent ‘presence of mind” and mental 
alertness. From a physical point of view, it is probable that violent 
types of effort such as heavy lifting, strenuous forms of athletics, and 
excessive and sudden spurts of speed are injurious to the heart and 
blood vessels. 

There is a proper amount of exercise which depends upon: 

1. The physical condition as shown by the individual’s ability to 
recover from exercise over night. 

. 2. Energy requirements in other lines, either of growth, sickness, 
or other work. 

Fatigue after Exercise—Muscle will be found to do the greatest 
amount of work with somewhat more than half it can lift. Ifa muscle 
is trained, fatigue following strain will be delayed. If concentration 
is required to produce skillful movements, fatigue will appear more 
rapidly. Up to a certain point of fatigue, physical exercise is largely 
a constructive process, and some fatigue is necessary to nervous 
development. If the intervals between successive stimulations of a 
muscle are several seconds in length, recovery is practically complete 
between each one. If, however, they follow each other too rapidly 
or if the stimulus be too great, exhaustion and stiffness occur. Exer- 
cise may produce acute constitutional exhaustion shown in breathless- 
ness, dizziness, and mental anxiety, due to acute inadequate elimina- 
tion of CO,. Recovery, however, is rapid. Exercise may also 
produce fatigue of the whole muscular system from which rest of a 
day or two is necéssary. It may produce acute dilatation of the heart, 
or a chronic, nervous fatigue called “‘Staleness,’’ from which recovery 
may occur only after weeks or months (R. T. Mackenzie).* 

- Muscular Strain —This follows effort which is too vigorous. Some- 
times the connective tissue is torn or the protoplasm crushed. In 
the biceps muscle which in the average adult contracts with a force 
of one thousand pounds, and in proportionate measure in the child, 
great pressure is exerted on the fibers, sometimes producing soreness. 
This may be avoided by gradually working up to exercise and by 
treating at once with hot applications and massage. 

The Thermal System and Exercise.—Muscular exercise draws 

* Musser and Kelly, “Practical Treatment,” i, p. 355. 
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the blood to the muscles and to the covering skin. This in turn 
reacts upon the heat center, thus increasing the temperature. | After 
exercise has continued for a short time, the temperature rises to 100° 
degrees. The performer is “warming up” and can work with an added 
degree of ease. The greatest amount of heat is produced when the 
antagonistic muscles are exactly balanced and no motion results. 

“Taking Cold” after Exercise—When gymnastics are made a 
habit, the blood vessels of the skin are kept in ready response, so that 
the first hot days in spring are not so relaxing and there is much less 
danger of taking cold any time after exposure when the skin blood 
vessels are dilated. If after violent exercise, when the temperature is 
raised above normal, there is sudden cessation of activity, heat produc- 
tion is suddenly stopped. If the clothing is not free from perspiration, 
evaporation continues thus reducing the temperature to a point 
considerably below normal. This produces chilliness and predisposes 
to colds. Therefore, after very active exercises, a bath of gradually 
decreasing temperature should be taken and clothing should be 
. changed. 

The Digestive System and Exercise.—One of the greatest benefits 
of exercise is increase of appetite. Mental work interferes with diges- 
tion more than physical unless it be swimming in water at 70 degrees or 
below. Muscle fatigue alone probably does not interfere with digestion. 
Investigations of dumb-bell exercises practised between one and two 
o’clock in the afternoon showed that no ill effects resulted so soon 
after eating. Too heavy a meal, however, may affect the heart and 
breathing by pressing the stomach against the diaphragm. It is 
thought that 15 to 20 per cent. of the food taken can be utilized for 
work. In the case of bicycle riders, 40 to 45 per cent. can be used for. 
work. Some sugar is good for children who exercise freely. 


PLAY 


Play is the joyous, spontaneous expression of self-activity. 
Through it, Nature produces both growth and development. It 
utilizes instinct and the sensory organs, trains the higher mental proc- 
esses through curiosity, which it both stimulates and satisfies, and 
thus brings the child into close organic touch with his environment. 
As a matter of fact, it is difficult to draw the line between work and 
play. For the child, work may be play and play may be work, the 
difference lying in freedom of activity and in a purpose which is 
emotionally happy. 

There are four theories of play. The evolution theory of G. 
Stanley Hall, since it has a biological:basis, is the generally accepted 
one. He regards play “As the motor habits and spirit of the past 
of the race, persisting in the present as rudimentary functions akin 
to rudimentary organs.’’* 

Play may be divided into the following groups: free play, organ- 
ized play, games and athletics. 
* Wood, Walter, ‘Children’s Play and Its Place in Education.” 
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Free Play.—Until the age of six years all play, unless it be related 
to Kindergarten activity, is informal and free. It is essential to 
avoid precocity in play, maintaining the early simple types as long 
as possible. As intelligence and codérdination develop, games are 
introduced with increasingly difficult situations and rules, until 
finally the timid and solitary play of very early childhood is replaced 
by organized gregarious effort toward or against an understood end. 
In the meantime, habits of courtesy, consideration, humility, justice, 
cheerfulness, self-control, hardihood, purpose, system, daring, and 
honesty, the power to carry things through, and the loyalty and self 
sacrifice that expresses itself in later childhood in the playing of team 
games are being developed. 

Games which are much more formal have positive educational 
influence. “Children who are slow and dull and lethargic, who observe 
but little of what goes on around them, who react slowly to external 
stimuli, may be transformed by games. Perceptions are aroused. 
The timid child learns to take his turn with others; the bold, selfish 
child learns that he may not monopolize opportunities; the unappre- 
ciated child gains self-respect and the respect of others through some 
particular skill. He learns to take defeat without discouragement, 
and to win without undue elation. Growth in power of will is seen in 
initiation, in courage to give “dares” and to take risks, in determina- 
tion to catch an opponent, to make a goal or to win a game. Due to 
rules of the game, it is the best training in inhibition. Relaying 
must be in turn. Players must not stand over the line until the signal 
is given; aiming with the ball must be deliberate and careful instead 
of hap-hazard, etc.”’* 

Organized play, which should begin in the Kindergarten, has a 
remarkable effect upon juvenile delinquents. Public sentiment of the 
team brooks neither delay, indecision, laziness, nor carelessness and 
is the spur that places many a delinquent boy on his feet. In some 
districts situated near small parks delinquency has been reduced 28 
per cent. by play. 

Each period of childhood shows definite play characteristics. 

(With this subject, compare “ Physical and Mental Characteristics,”’ 
p. 982.) 

Birth to one and one-half years: 

Sight (bright objects); hearing (rattles, large spoons and tin 
dishes, clocks, etc.) ; feeling (rubber animals, balls, spools, paper, etc.); 
muscular activity (objects to be reached) hands, feet, rhythmic 
kicking, ete. 

One and one-half to four years: 

Running (stones and balls to throw and kick); climbing (ladder, 
chairs) ; swinging (seat swing, perambulators); pushing, dragging, and 
pulling (carts, hobby horse); constructing (blocks, sand pile, nests of 
boxes, Hailmann’s beads, peg boards) ; digging (sand shovels) ; imitation 
and imaginative play (dolls, toy animals, furniture); rhythm (swings, 

: * Bancroft, “Games.” 
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songs, finger plays); sense play (discrimination of qualities of objects) 
(wet, dry, round, straight, strong, weak, etc.; Montessori materials 
for sensory development, fabrics, utensils, and dishes, soap bubbles, 
etc.). 

Four to six years—Kindergarten period : 

Physical activity.* Marching does not give the freedom of move- 
ment and vigorous exercise which little children need. Little children 
need to walk, run, skip, hop, clap their hands, swing their arms, and 
whirl about, and they need space for these spontaneous movements. 
Four year old children cannot control themselves enough to hold hands 
while swiftly moving, and they should not try to play in groups of 
more than ten, as a larger number involves too much self inhibition 
and social excitement. It is very difficult for many children of this 
age to enter into physical activities with other children. Such children 
should not be forced. At the age of five and a half to six, children 
can skip together and change partners. T he ladder, tricycle, jumping 
hole, tops, and elevated rail are all good for balance. For imitation 
and imagination (dolls, doll houses, and equipment, balls, bean bags, 
Noah’s ark, engine and train, wheel barrows, etc.); for construction 
(sand piles, shovels, corn cobs, scissors, paper, paste, large weaving 
materials, stringing materials, etc.):{ for rhythm (songs, stories, 
rhythmic games such as “‘counting out’ nonsense rhymes, etc.) ; sense 
discrimination (note three degrees in quality, 7.e., hardness: bedstead, 
hair mattress, feather pillow, etc.). The teachers of the latter years 
of the Kindergarten and the first years of the Primary find story 
plays very useful. Music should not be used till rhythm is learned 
without it.f 

- Seven to nine years—physical activity: 

Individual or social competitive plays (balls, see-saws, poles, 
swings, climbing ropes and ladders, bows and arrows, dolls, ring toss, 
jumping rope, roller skates, etc.); for construction (carpenter’s tools, 
building materials, sewing materials, cloth bead looms, raffia, clay) ; 
for collecting (stamp books, insect nets). Dramatic play: house 
and store, Indians, out-of-door activities or any activity with which 
the children are familiar. Rhythm: music, singing, and rhythmic 
games and folk dancing. Nature: caves, shacks, tents, gardening, 
pits, exploring, etc. Curiosity: magnet, magic lantern, puzzles, etc. 

Ten to twelve years: 

For the most part boys and girls should play separately at this age. 

Skilled competition: athletic apparatus, baseball, skiing, wrestling, 
stilts, jumping rope, jackstones, bean bags, pillow dex, crokinole, 
sleds, skates, kites. 

Exploring : row boats, sail boats, skates, tobogganing, tents, etc. 

Constructing: tools for making large play apparatus, sloyd, 


* Temple, Alice, ‘“Survey of Kindergartens of Richmond, Indiana.” 

+ See Palmer, Luella, ‘Play of the First Eight Years.”’ 

t See Physical Training for the City Schools of Michigan, Published by the 
State Superintendent of Public Instruction, Bulletin No. 2 (1914). — 


PLAY 1073 


meccano, basketry, elaborate doll’s wardrobe, bead work, knitting. 

Thirteen to fifteen years: 

Athletics (for boys), soccer foot ball, basket ball, tennis, hockey, 
volley ball, indoor baseball, are all favorite physical activities; (for 
girls), tennis, hockey, and basket ball with care, folk and gymnastic 
dancing, and rhythm work of all kinds. All of these games hold an 
element of danger unless they are properly supervised. 

The choice of games therefore should depend upon previous training 
or experience and conditions of fatigue. If children manage their 
own games, they will not play when tired. If rhythm enters into 
exercise, the muscles are more likely to be relaxed, and fatigue post- 
poned. If fun and laughter prevail, nervousstrain vanishes. Children 
on the play ground too often walk around aimlessly. It is, therefore, 
a great advantage to have a playground instructor in charge of the 
recess periods. Five minutes in the classroom with open windows and 
lively competition in games is obviously worth more than listless 
exercises out of doors for a much longer period. 

Athletics —The choice of ahtletics requires much greater care, 
and a conscientious medical examination should be given before engaging 
in any form. In any doubtful case, it is desirable for the school 
physician or the gymnasium director to get in touch with the student’s 
personal physician. Visits of local physicians to the gymnasium are 
to be encouraged so that better codperation and understanding may 
be secured. 

Basket ball, allowing no periods of rest, demands the most constant 
activity. Of all forms of athletics it is the greatest strain on the heart. 
The pulse should come down to 100 after five minutes rest following 
the game, and no person not organically sound nor muscularly fit 
should attempt it. The same is true of hockey, another game requiring 
great activity. Girls should not be allowed to work at all during the 
first three days or more of the menstrual period Girls who are low 
in vitality, in whom the menstrual function is either not established 
or painful, and post-operative cases should be debarred from athletics. 
For this type the work should be in the corrective class, and much of 
the period should be spent in the recumbent position on floor mats.* 
The volume of the heart in children is proportionally smaller to the 
diameter of the arteries than it is later on. During adolescence, the 
volume of the heart is increased twelve fold while the diameter of the 
arteries is increased only three fold (Benke). The child’s growth is 
in relation to and dependent upon the rapid development of the heart 
and its power to produce increased pressure of blood in the arteries. 
This ability increases with age but there.is always danger of over- 
fatigue in young and growing children. Rubner, the physiologist, 
and Kraus+ condemn in no uncertain terms the whole competition 

* Shepard, Dr. Marion, Individual See eine hes at Smith College, 

i i i i xxii, No. une, : 
er eee eee ao 4 en der K6niglichten Wissenschaftlichkeit 
Deputation fir das Medicinal wesen vom Feb. 11, 1914, Betreffend Sportliche 
Uebungen von Schiilern, Vrtjsdhr. f. gerechtl. Med., xlviii (1914), p. 304. 

Vou. I—68 


1074 HYGIENE OF THE SCHOOL AGE 


idea in sport, forbidding races. of one quarter of a mile to one mile. 
among school boys.* 

Mackenzie cites C. Rivierit who reports a walking expedition 
lasting one week taken by 40 healthy boys. The boys ranged from 7 
to 14 years of age. Expeditions of five to seven miles were taken 
daily including one 400-foot climb. On two days the larger boys 
walked 12 miles. Foot ball and other games were interspersed. Five 
days after their return, 20 out of the 33 showed cardiac enlargement of 
various grades. After two, four, six, and ten weeks, only a few hearts 
had returned to normal; and ten of them—nearly all younger boys— 
still remained appreciably dilated two and one-half months after the 
excursion. The author believes that such hearts would require one 
to two years to recover their normal condition.t 

An Extract from the Annual Report of the Surgeon General of the 
United States Navy, 1911, himself a “crack” athlete, makes the 
following statement: ‘‘The prolonged rigorous course of physical 
exercises necessary to excellence in physical sports is believed to be 
dangerous in its after effects upon those who indulge in athletic sports 
sufficiently to excel therein. 

“When, under the conditions of service at sea, it becomes impossible 
to continue rigorous exercise, the individual easily falls prey to degen- 
erative changes, tends to become obese, to lose physical stamina, and 
in the end he fails to render as many years of efficient service under 
service conditions as does his less athletic, but symmetrically developed, 
classmate. 

“Recently the medical records of 625 former athletes of the classes 
of 1891 to 1911 have been examined to determine the bearing of early 
overtraining upon physical efficiency in after life—9 have died and 12 
have retired. 

“Of these 21 casualties, six have been due to tuberculosis, eight 
to mental or nervous diseases (three suicide on account of ill health), 
two indirectly to alcoholism, one death each to acute dilation of the 
heart and valvular disease of the heart, both directly attributable to 
track and crew racing, and 1 to an injury received in a football contest. 
Of the remaining 604 in the service, 198 have disabilities or abnormal 
conditions of sufficient moment to be of official record, and to which 
their record as athletes bears a possible or probable causative relation, 
and while not in most instances physically incapacitating the individual,: 
tends toward an imminent or premature loss of service. 

“Of these 198, 48 are referable to the heart or blood-vessels, such as 
arteriosclerosis, organic heart disease, heart murmurs, irregular or 
rapid heart action and hypertrophied or dilated hearts. The joints 
or motor apparatus are involved in 16 and the kidneys in 11 
cases, 17 are either frankly tuberculous or have had symptoms 


= McKenzie, R. Tait, ‘Exercise in Education and Medicine.” 
pe Med. Journal (Sept., 1909). 
See Luby, Athletics and their Relation to War, Abstract from U. 8. Naval 
Medical Bulletin, Jour. A. M. A. (Dec. 7, 1918), p. 1941. ae a 
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indicative of tuberculosis. Neurasthenia, associated with gastric 

complications in several instances, occurred in 16 cases. The presence 
of 25 cases of appendicitis and 15 of hernia in this series is of interest, 
especially in the case of the latter disability which appears to be 
associated particularly with a football record. 

“The opinion that long distance crew or foot racing is not beneficial 
but productive of serious harm, is one not held alone by the naval 
medical officer, but by those in civil life best qualified to judge, and it 
is believed that it needs but a decided stand on the part of an institu- 
tion of the standing of Annapolis for the adoption of a “safe and sane” 
standard in these and other endurance contests to initiate a similar 
movement in the athletic world, making success dependent more upon 
skill and less upon brute force.” 

This conclusion is of more than ordinary value, as the Government 
requires a daily record of the health’ of every man thus, making it 
possible to eliminate other causative factors of disability. When all 
this has been said, however, it must be recognized that there is a 
moral element which makes team games desirable. Interscholastic 
meets have replaced the gang and done away with personal dishonesties, 
neighborhood jealousies, and race prejudices. If the physical harm 
of interscholastic meets can be controlled by proper supervision, they 
may have a great value. They are, however, generally undesirable 
for girls from a physical point of view. On the other hand, under 
conditions of social isolation they are difficult to surpass as a means of 
development. 

Swimming is the best sport for bringing all the fundamental 
muscle groups into vigorous and harmonious activity, because the 
body meets resistance at every point, but ordinarily it should not 
last more than 20 minutes and should be followed by a good rub and a 
vigorous reaction. The best time for instruction in swimming is 
between the ages of 8 and 12. Swimming should be avoided by 
nervous children with a sensitive skin, by epileptics, choreics, and 
paralytics, by those with heart and lung affections, and those recover- 
ing from acute diseases.* See paragraph on Swimming Pools. 

Rowing is excellent sport for children, except for girls at the men- 
strual period. It strengthens the arm and back muscles, and if there 
is a board in the bottom of the boat against which the feet can be 
braced, it is also excellent for the leg muscles. In both swimming and 
rowing, the number of breaths per minute is increased eleven to 
thirteen-fold, as compared with resting. Dr. Sargent of Harvard 
maintains that crew rowing is too strenuous an exercise for boys and 
girls under the college age. 

Social dancing belongs to the group of mating plays. It is attrac- 
tive to girls on account of the rhythm, but rhythm, per se, is a matter 
of indifference to boys and men. Forbush says, ‘‘ Dancing partners 
have the advantage of vigorous exercise and lively companionship, but 
in their ordinary form, they have the disadvantage of late hours and 

*Hulenberg, Bach U., ‘‘Schulgesund-heits Lehre.” 
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artificial ambitions.” Enebuske says, ‘“‘Gymnastic dances are. 
rhythmical. The movements must be those which, by previous 
training, have already become nearly automatic. It is only through 
this mindfulness that they can meet the requirements of the esthetical 
perceptions and to those same esthetical perceptions is the music 
applied. The music, therefore, assists on the physical side in bringing 
about volitional passivity.”” (Itmay be questioned from a moral view- 
point whether passivity of the will is desirable, especially in the pre- 
pubertal and adolescent periods.) Bowen says, “Young boys and 
girls in dancing school, learning to ape the manners and play habits 
of ladies and gentlemen of marriageable age, at a period when nature 
has intended them to play tag games and climb trees, proves the 
ignorance of their parents. The formation of fraternities and social 
sororities by young people of the high school, instead of ball teams, 
and the cultivation of social dancing in place of out-door sports, proves 
the lack of opportunity and encouragement for the kind of play their 
stage of development demands.” Forbush (‘‘Play’’) advocates Greek 
individual dances which develop grace and beauty with physical 
contact reduced to a minimum. The Eurrhythmics of Dalcroze, 
which are worked out with the same idea, have the added value of 
supreme mental concentration. 

Folk dancing portrays ‘‘the indestructible fresh good temper and 
hardiness of nature that form constituents of the old Swedish folk 
character” (Enebuske.) Some, like the Highland Fling, can be danced 
on the sward; others require a floor. Most of them are too vigorous 
to be suggestive, and usually girls dance with each other. (Curtis, 
“The Practical Conduct of Play.”’)*. 

Bicycle riding develops coérdination, increases the action of heart 
and lungs, and provides a change of environment. Hard, rapid 
riding may produce dilatation of the heart. 

The winter sports, skating, skiing, toboganning, etc., are most 
invigorating because they are free and energetic, and use the funda- 
mental muscles. The cold air stimulates the appetite, the circulation 
is quickened, and constructive tissue repair is increased. 

After school physical education activities are coming into promi- 
nence in many private schools of this country. They are a substitute 
for the home work requirements of early American life, and have the 
merit at least of keeping children off the streets and giving them con- 
structive training. The importance of this may be seen in Johnson’s 
“Survey of the Recreational Life of Cleveland School Children.” 
On June 23, 1912, an investigation was made of the activities of 
14,683 children, and it was found that under the age of 15, 41 per 
cent. were seen doing nothing, or “just fooling, vvz., fighting, teasing, 
pitching pennies, shooting craps, stealing apples, ‘roughing a peddler,’ 
chasing chickens, ete.;’’ 51 per cent. of all the children were in the 
streets. Seven thousand, three hundred and fifty-eight were play- 
ing legitimately, and 354 were working. Anexcellent article on the sub- 

*See Miss Burchenal’s or C. W. Crampton’s books. 
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ject by William A. Stecher may be found in the American Physical 
Educational Review, October, 1917, xxl, No. 7, p. 40. 


TaBLE 36.—SrEecHER’s TABLE OF Events ror AFTER ScnHoon Work 


Years 
Events 
8 9 10 11 12 13 14 15 
Girlsee «3: 3.0 3.1 3.3 3.6 3.8 3.1 4.0 4) 
Standing broad jump (4.4)| (4.6)] (4.9)} (5.0) (5.3) | (5.6)] (6.0) (6.0) 
(In feet and inches) 
Boys...... 3.4 3.8 4.0 43 4.6 4.9 5.2 5.5 
(4.4)| (4.1)} (5.4)| (5.1) (6.3) | (6.6)| (6.1) (7.4) 
Garls jo. tc 5.5 5.6 51 6.6 7.2 8.0 9.0 9.0 
Ritanine bread gue (6.0) | (6.2)} (6.8)} (7.8) (8.4) | (9.0) | (10.8) | (11.8) 
(a sesh and inehes) oa 607 ).-66 love seh) 96) 414 | elie iss 
(6.9)| (7.0)| (7.6)} (9.1) | (10.8) (12.2) | (13.5) | (14.7) 
Gurlsi. ss. 10.4 10.6 10.1 12.1 1275 12.9 13.0 13.1 
Triple standing broad (12.0) | (12.6) | (14:2) | (14.8) | (15.8) | (47.0) (17.0) | (17.7) 
jump 
(In feet and inches) Boys. 5. 12.0 12:3 13.0 14.0 14.6 15.1 16.4 18.1 
(14.3) | (14.8) | (15.9) | (16.9) | (18.7) | (19.0) | (20.7) (22.4) 
Giris soe 92 11.6 13.8 14.6 15.5 15.6 16.4 16.6 
10-ft. (11.0) | (13.9) |(17.0) | (18.8) | (21.4) | (21.0) (21.2) (20.0) 
Running hop, step, start 
and jump - 
(In feet and inches) Boys? ....12 10.0 13.0 16.4 18.0 18.8 19,94. 24 7 23.0 
unlimited | (10 6) | (15.5) | (20.5) | (23.0) | (24.5) | (26.0) | (29.0) (29.5) 
Trace 
Girls 2.2 2.5 2.8 2.9 2.1 3.2 2 A1 2.9 
é 2.6 2.8 2.4 3.0 3.2 3.3 3.1 2.1 
Banning Mek fame (2.6)| (2.8)| (2.1)| (8.0) (3.2)] (8.3)} (3.1) (2.1) 
Vi hee ea oe | eae 231985) 28! 211 | 34 10 34 |. 3.6. \-.3.9 
(2.8)! Cal) | (3:2)))' (G4) (3.6) | (8.9)] (4.2) (4.5) 
Girlee ios 12.2 13.8 15,5 Liat 19.4 21.3 22.2 23.4 
20. 250 28.0 31.0 35.0 35.0 36.0 
Basket ball far throw (17.0) | (20.0) | ¢ )}¢ iG )} )}¢ ) ( ) 
Gn foot end se) save 144] 162] 182] 203 | 23.3 | 241 | 267 | 201 
(19.0) | (22.0) | (26.0) | (80.0) | (35.6) | (37.0) | (87.6) | (39.0) 
Girlgs ss. 94 92 8.8 8.6 8.4 8.4 8.4 8.2 
9.0 8.8 8.4 8.2 8.0 ‘8.0 7.8) (9.6) 
Hiatiane 50 yards (9.0)| (8.8)| (8.4)| (8.2) (8.0)| (8.0)} ¢ 
Pini seeg ats wee ene Toa 90|-ss| s4{| 82 | s0| 781 76 | 74 
(8.8)| (8.6)] (8.2)] (8.0) GEGEN CG) C722) (7.0) 
Bie oh ee wae 
Girls oat 19.2 18.6 17.2 15.8 16.6 16.4 16.2 16.2 
(18.0) | (16.8) | (15.8) | (15.6) | (15.4) | (15.4) | (15.4) | (15.2) 
Running 100 yards }9|——————— 
(In seconds and tenths) | Boys......| 19.2 18.6 B iid 16.2 15.4 15.0 14,2 13.4 
| (18.0) | (16.8) | (15.8) | (15.2) | (15.0) | (14.4) | (13.6) | (13.0) 


Stecher gives a typical schedule of competitive events for after 
school physical education activities for the school year which includes: 
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‘dodge* ball or end ball, 50-yard run potato race, baseball far throw, 
standing broad jump, triple standing broad jump, Captain ball, 60- 
yard run, shuttle relay, running, hop, step, Jump, indoor baseball, 
basket ball, far throw, dodge ball No. 2, 75-yard run, plain relay or 
shuttle relay, basket ball round arm, and running broad jump in order 
of occurrence during the five last grades of the elementary school. 
The same are used for both boys and girls. It would be safer to omit 
the broad jump and have only a 60-yard dash for girls. ‘ 
For classification and description of games, see Forbush—“ Play i 
Bowen, ‘‘Games.” Bancroft, ‘‘Games.” G. E. Johnson, “ Education 
through Plays and Games.’ ‘Physical Training for the Elementary 
and Secondary Schools of the State of New York,” Albany, N. Ye 
The best books for rhythm, songs, and games for little children 
are: 
Bancroft, Jessie H., ‘‘Games for the Playground, School and Gymnasium.” 
Paulsson, Emilie, “‘ Foreign Plays.” 
Music Course, Parts I and II. 
Newell, W. W., ‘‘Games and Songs of American Children.” 
Newton, Marion B., ‘Games and Rhythm Exercises.” 
Gaynor, Jessie L., “Lilts and Lyrics.” C. F. Summy and Co. 
Neidlinger, ‘‘Small Songs for Small Singers.’’ Schirmer. 
Gaynor, Jessie L., “Songs of the Child World.”’ J. Church and Co. 
Hill, M. J. and P. 8., “Song Stories for the Kindergarten.” 
Brown, Corinne, ‘‘One and Twenty Songs.”’ 
Poulsson, E., and Smith, Eleanor, “‘ Songs of a Little Child’s Day.” 
Crawford, Caroline, ‘Dramatic Games and Dances.” 
Burchenal, Elizabeth, ‘“‘Folk Dances and Singing Games.” 
See the Bibliography of Luella Palmer in ‘Play of the First Eight Years.’ 


Play Grounds.—Many of the larger cities of the United States and 
some of the cities of Europe have felt the need of setting apart small 
portions of land in congested residence quarters as play grounds for 
children. The play ground originated probably in connection with 
settlements. At least 95 per cent. of the play systems of this country, 
as well as many other good things having social value, have been 
started by private organizations; but eventually play grounds systems 
should be supported by the School Boards and City Councils. In 
rural communities, athletic, Boy Scout, Camp Fire Girl, and 
play ground organizations are developed and maintained by the County 
Superintendents of Schools, the Young Men’s or Young Women’s 
Christian Associations, normal schools, or altruistic private individ- 
uals. Today there is a Play Ground and Recreational Association 
of America with headquarters at 1 Madison Avenue, New York, 
extending its service through a Field Secretary to any organization 
in need of assistance in starting new play grounds. 

The play ground should be nearly level, no railroad or street cars 
should be near, and it should be in the midst of a homogeneous popula- 
tion. In Gary and in Cleveland the schools provide both play grounds 


* Stecher, William A., “The Theory and Practice of Educational G: tics,” 
Publisher, John Joseph McVey, Philadelphia. dist ag Ss 
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and one or more indoor gymnasia. Several schools in both of these 
systems have swimming pools. 

All new schools should have as a minimum one block of ground* 
and more is desirable especially in the country where parents may 
participate occasionally in the activities. City play grounds have 
from 7 to 20 acres. The play space should be carefully arranged 
with two features in view: (1) safety, (2) compactness. Swings 
should be placed parallel and just inside the fence and should be 
fenced off to prevent the “other child” from being hit. Other appara- 
tus and fixed equipment should be around the edges or in the corners. 
The central space should be for games such as indoor baseball, volley 
ball, tennis, etc. A straight running track and quoits can be placed 
at the side. "Tether ball will fit into a corner. (For size and construc- 
tion, see Curtis, ‘‘The Practical Conduct of Play:’’) 

The Equipment.—Ordinary swings are popular, dangerous, and 
they encourage selfishness, but they are excellent as an advertising 
agency. The same may be said of teeters and merry-go-rounds. The 
giant stride is made with a central steel pole 20 feet high set in concrete, 
with dangling ropes or ladders attached to the top. It is so arranged 
that a child may grasp the lower end and in swinging around, may 
touch the ground only at 15 or 20 foot intervals. This is fairly good 
exercise. The best forms of equipment are wooden slides, toboggans, 
and the sliding pole. Much of this is made by W. R. Tothill and can 
be purchased of Marshall Field and Company, Chicago. The best 
play grounds, however, are without equipment, since it distracts 
children from organized games. 

For proper distribution as to age, children may be divided into 
three groups. First, uptotheageofseven.t Second, elementary school 
children, the ‘‘Big Junior Age.” Third, the high school or adolescent 
period. If there can be enough directors, there should be six divisions, 
one group for both boys and girls to the age of seven, one for boys and 
one for girls from seven or eight to thirteen, one for boys and one for 
girls of adolescent age and one for adults. There should be no more 
divisions than directors. 

There should be separate yards for boys and girls. If boys and 
girls are kept constructively busy, however, they may play together, 
especially if parents are frequent visitors. Care is required in the use 
of such apparatus as swings and no opportunity should be given for 
loafing. ; 

Children under the age of six should not be taken to a general play 
ground but to quiet, shady places which are provided with seats for 
mothers, with sand piles, hammock chair swings, low balance rails, 
low teeters, short slides, and a wading pool. They need considerable 
freedom but should be constantly watched and guarded, somewhat 
as they are in the ordinary kindergarten. The sand pile is a great 


* Curtis, H. 8., The Reorganized School Play Ground, U. 8. Bureau of Edu- 
cation, Bulletin No. 40 (1913). 
{ See ‘‘ Play Grounds for Little Children.’’ 
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favorite with little children. Sand bins need no floor if the ground is 
solid and dry. A low rail around the outside of the bin is desirable 
and the sand should be changed every month or six weeks. The 
best sand comes from the ocean but very good sand can be procured 
from plasterers* (p. 1060). 

If the play is vigorous, the length of the period is preferably short, 
and when the weather is hot, it is better placed late in the afternoon. 
Vigorous and quiet play should alternate. Children of the first five 
grades in the Gary schools have two hours of play daily, of the sixth to 
the eleventh grades, one hour daily. 

The most important feature of the play ground is the Supervisor. 
He draws the crowd; he demolishes the “gang” and creates the 
“team;”’ he organizes play activities so that the development of 
children is progressive; he teaches coérdination, good sportsmanship 
and is himself a subject for hero worship. In 1913, Cleveland had 36 
open play grounds half of which had apparatus. Of 1869 children seen 
within a radius of four blocks of these grounds, only 11 per cent. were 

-in the play grounds. In 1915, 6488 played in the play grounds in one 

day. This increased attendance was due to the activity of play 
ground Supervisors who had organized the work and furnished the 
inspiration. In many places teachers are becoming play leaders after 
school hours. 

If it is a fact that the movies seem to be superseding the settlements 
in attendance, that mothers are more and more called into industry 
so that homes are without guidance, and that schools for religious 
instruction are deserted, it is all the more important that teachers 
and play ground directors provide the type of leadership that will — 
inspire and control young citizens upon whom the nation must depend. 

Gymnastics.—The Swedish system of gymnastics, which is the 
result of nearly 80 years of development, is the basis of all gymnastic 
work. School work results in temporary passive congestion of the 
brain and abdominal organs, decreased respiration, lowered muscular 
control, and mental fatigue.t For the relief of these conditions, a 
definite order of exercises has been developed which are proportion- 
ately more difficult as efficiency progresses. . 

This relief is brought about first. by the mechanical effect of exercise 
on the body.§ Among the mechanical factors, we may regard as 
important the contraction and relaxation of muscles, the movements 
of joints, the increase of venous, nervous and lymphatic circulation, 
thoracic activity and the more vigorous action of peristalsis and 
glandular organs induced by a greater variation of intra-abdominal 
pressure consequent on the more extensive action of the diaphragm 
and abdominal muscles and the shaking and massage of the abdominal 
organs. Second, by the adjusting influence of the central and sympa- 


* Palmer, Luella, ‘‘Play of the First Eight Years.” 

} Johnson, G. E., “Education through Recreation.” 
t Enebuske, ‘“ Progressive Gymnastic Day’s Orders,’” 
§ “Physiology of Exercise.” 
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thetic nervous system in response to direct or reflex stimulation by the 
products of muscular activity. Third, by training of subjective motor 
control, in other words, the muscle sense. (Objective motor control is 
better acquired through plays and games. ) 

The bases of Ling’s system (Swedish) are:* 

1. Introductory or order movements as marching and evolutions. 
These demand constant attention and connect the mental activity 
of the academic work of the classroom with the physical exercise of 
the gymnasium. 

2. Leg and arm movements (knee bendings, lungs). These draw 
the blood in larger quantities toward the extremities, relieving the 
strain and the oppressed organs. Exercises for broken arches, such 
as heel raising and toe raising, belong here. 

3. Arching movements, in which the chest is bowed backward 
and drawn upward to its fullest capacity often by the help of apparatus. 
Increase of the lumbar curve must be avoided here. Heaving move- 
ments, in which the body is drawn upward by the arms while it is 
suspended. Both of these movements expand the chest and induce 
more energetic respiration. 

4. Balance movements: these demand equilibrium in difficult 
situations, quiet the rapidity of the heart, and diminish the previously 
raised blood pressure. 

5. Shoulder blade movements correct anterior, posterior, and 
lateral curvatures of the spine, especially of the upper thorax, by 
vigorous and sustained contraction of the scapular depressors and 
abductors. 

6. Abdominal exercises strengthen the abdominal wall, increase the 
mobility of the spine, and stimulate the abdominal organs by alternate 
increase and decrease of the abdominal pressure. They consist of 
knee bendings and trunk raising from the lying position. 

7. Lateral trunk movements produce the same effect as the abdom- 
inal or back movements. They involve the waist and loin muscles 
particularly. The portal and general abdominal circulation is stimu- 
lated. These movements are especially beneficial in constipation. 

8. Slow leg movements diminish the blood pressure and heart 
beat which have been increased by the other movements. 

9. Jumping and vaulting: these are advanced balance and subjec- 
tive motor movements of the body as a whole. In jumping, the legs 
alone are used. In vaulting, the arms are used to support the body 
while the jump is made. 

Systematic running, which is the climax of the lesson, is the best of 
all exercises to improve the mind, to strengthen the heart and respira- 
tory organs, and to increase the power of perfect and prompt adjust- 
ment of the whole circulatory system to varying degrees of activity. 
It is the conditioning factor and index of endurance, vitality, and 
general condition. Marching is at the rate of 115 steps per minute. 
Running, at 165 steps per minute. 

* “ Posse-Kinesiology.”’ 
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These movements represent all or special features of leg, back, 
abdomen, lateral trunk and arm support. exercises. They demand 
great codrdination, well timed muscular effort with judgment of 
height, distance and bodily momentum. 2 

10. Respiratory exercises at the end of “the day’s order” are 
characterized by deep, measured breathing which causes a more 
powerful suction on the vena cava, reduction of the blood pressure 
without the preliminary rise that always occurs when violent exercise 
suddenly ceases, mobility of the chest, the free flow of lymph and blood 
in ordinarily unused portions of the lungs, straightening of the spine, 
strengthening of the inspiratory muscles, and descent of the diaphragm, 
which causes greater variations in intra-abdominal organs (Skar- 
strom). With this, the day’s order is at an end. 

The ‘‘day’s order” is the characteristic of Swedish gymnastics. 
If given properly, every exercise is taught with a view to posture. 
For example, if arch flexions increase the lumbar curve, compensatory 
abdominal movements are made to follow immediately. No position 
should be used as the commencing position of a movement unless it 
has previously been practised as a final position of some other move- 
ment. 

Apparatus of two kinds may be used: 

1. Stationary, as ladders. 

2. Calisthenic, as dumb-bells. 

The stationary pieces of apparatus used by the Swedes are: (1) 
The boom, (2) Swedish box, (3) ladder, (4) rope, (5) stall bars. 

The pieces of Swedish apparatus are few, but are used very fre- 
quently. 

The German system of gymnastics differs from the Swedish in 
its military character, its greater variety of exercises, and in the 
frequent use of apparatus. It is more akin.to play than the Swedish 
type, and teachers are allowed greater latitude in the choice of exercises. 

For corrective and remedial exercises, see: Lovett, ‘‘Scoliosis.”’ 
Thorndike, ‘Orthopedic Surgery.” 

Bathing.—Practically all physical educators advise baths after 
exercise. 

Effects of bathing after exercise (all bathing regardless of tempera- 
ture) : 

1. Stimulates circulation. It is especially good after exercise as it 
keeps up the stimulation of the heart and prevents. blood pressure 
from dropping quickly (“Physiology of Exercise’), 

_ 2. It removes perspiration and prevents taking cold. 

3. Cleanses (hot or warm bath best). 

Baths are classified according to temperatures as: 

1. Cold bath in which the water is colder than the room, 70 degrees. 

2. Cool bath in which the water is between the room and body 
temperature. 

3. Warm bath in which the water is the same as body temperature 
or 6 degrees either way, 92.to 104 degrees. 
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4. Hot bath in which the water is 110 degrees or higher. 

1. Cold baths are the most stimulating and therefore best for 
sluggish people. They prevent taking cold if the body is overheated, 
and they prevent a rapid fall of blood pressure after violent exercise. 
Body temperature must not be too much reduced, however, as occurs 
sometimes in the case of long distance swimmers. Records, for this 
reason, are held by fat people rather than by the best swimmers. 
After cold bathing, there should be vigorous rubbing and. drying. 
Cold baths should never be taken by thin or nervous people. 

2. Coolbaths. Very nervous people get the same effect from a cool 
bath that phlegmatic people get from a cold one. , 

3. Warm baths should be taken in a cool room and then, in winter, 
not oftener than twice a week.* They should be used for cleansing 
purposes only, and should last as short a time as possible. Too 
frequent bathing may produce acne, intolerable itching of the skin, 
and exhaustion. Winter itch is in many cases due to the liberal use 
of soap. : 

4, Hot baths should only be used locally for strains and bruises 
following exercise, and to break up an oncoming cold. 

Different methods of taking baths: 

1. Shower. 

2. Tub, or plunge. 

3. Sponge. 

1. The shower bath is the greatest stimulant to the heart. It 
feels colder than a plunge bath of the same temperature. It should 
begin at a temperature of 90 degrees and remain there or gradually 
decrease to a temperature of 60°F. This is the ideal type of bathing 
for school children, as it is economical in both heat and time. An 
entire class or division can be bathed in a short time if accommodations 
are ordinarily good. 

2. A cold tub bath is too great a shock for the majority of children. 

3. A sponge bath is much milder in its effects than a shower bath 
of the same temperature, and it is an excellent bath for cleansing 
purposes. It is probable that except for cleansing of the skin twice a 
week, air baths at room temperature, followed by vigorous rubbing, 
would be more beneficial than water baths. (See article on ‘‘Swim- 
‘ming Pools,” p. 1113.) 
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Underwear which comes next to the skin should be of coarse mesh 
so as to allow the air to come in contact with the skin as much as 
possible and should be of easily washable material. 

The shoulder straps of underwear or waists should be so arranged 
as to come close to the neck instead of near the shoulder tip. 

The hose supporter is frequently a factor in producing round 
shoulders. The American Posture League is introducing a supporter 

* Ormsby, Oliver 8. 
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ich shifts the support to the big pelvic bones at the hip, as it is worn 
Mee of the Savi bones and ilia (Fig. 259). It thus frees the chest 
and shoulders from all strain. It can be obtained from Barnum- 
Van Orden, 379 Fifth Avenue, New York City. Round garters if 
not too tight are not objectionable. £ hey are greatly to be preferred 
to the ordinary ‘‘elastics’’ worn by children. i 

Children should not wear corsets (Fig. 260). - Hygienic children’s 
waists, modeled after designs produced by the American Posture 
League, can be obtained, as can corsetsforolder girls. Ordinary corsets 
should not be worn until much later in life, if at all. 


Fig. 259.—The Gymnasium hose Fic. 260.—The Barnum-Van Orden 
supporter, approved by the American _ corset endorsed by the American Posture 
Posture League. (Barnum-Van Orden, League for correct outlines. (Barnum- 
INE YSn Gs) Van Orden, N. Y. C.) 


Dresses for the elementary school girl should be very simple. Itis 
important to have the skirt made over a yoke or sewed to a skeleton 
waist which buttons on the shoulder so that it can be easily removed, 
provided that bloomers are worn under it. The material should be of 
light weight wool, or wash silk, preferably navy blue. The middy 
blouse is desirable because it is comfortable, easily washed and simple. 

Boys’ coats (Fig. 261) are frequently an aid to poor posture because 
they come too close to the neck in front and wrinkle in the back. 
These features have a tendency to produce round shoulders with the 
head and neck thrust forward. 

Suits bearing the approval of the American Posture League can be 
obtained of the Snellenburg Clothing Company, Broad and Wallace 
Streets, Philadelphia. 

Shoes: see article on feet. 
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Materials, types, units, foundations, basements, drainage and floors 
are discussed by Dresslar* in Munroe’s Cyclopedia of Education. 
The school site should be chosen with respect to noise, safety from 
traffic, cleanliness, central location, and distance from high buildings. 
Direct sunlight should reach al] instruction class rooms; it is, therefore, 


[ Rig 


| The Suit that builds athletes 


ee 


Fic. 261. 
desirable to have the exposure for class rooms easterly, southerly, or 
westerly. The building should be in the form of an H or an E with a 
long axis. In large buildings the most desirable orientation is with 
the major axis running northeast and southwest. It is better if class 
rooms have the east and west exposures, assembly hall and accessories 
southerly and northerly exposures. 

The class room is the unit, and should be 32 X 24 X 1214 feet: in 
size, or less. No child should ever be farther from the teacher than 
30 feet, both on account of seeing and hearing. The width of the 

* Brainerd, Wm. H., Sanitary Conditions that Should Operate in Selecting a 
Proper Site for a City, Rural or Village School Building, Fourth Internat. Congress, 


of School Hygiene, ii, p. 72; Rapeer, “ Educational Hygiene,” p. 333, ete. Dresslar, 
F. B., “Rural School Houses and Grounds,” ibid., pp. 38-41. 
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class room should not be more than once and a half the height of the 
window on account of the light. The height should be not more than 
1214 feet unless the horizon line is low; in that case it may be 13}¢ feet, 
but never higher. : 

It is essential to have primary rooms as large as those for children of 
the higher grades. In some schools the room for Kindergarten chil- 
dren is larger. Desks are placed preferably so that the aisles are 
parallel with the long axis of the room. The first row should have little 
more than the width of an aisle between the desks and the outer or 
window wall, both because it brings the desks near the light and also 
because it gives a wider aisle on the opposite side near the blackboard. 

The best window shades are translucent, adjustable from either 
the top or the bottom, or from the middle, and should not transmit 
colored rays. They can be supplemented by ‘opaque shades between 
them and the window, to shut out direct sunlight, if necessary. Sash 
window curtains, while attractive, are undesirable, as they obscure 
the light. 

Walls.—Class room walls are best made of hard plaster and deco- | 
rated with oil paint so that the finish will be without gloss. Photo- 
metric tests show that the most satisfactory colors are light gray or 
buff. If the room is light, pale green may be used, but green and red 
absorb light. In poorly lighted rooms, shades of color corresponding 
with the color of the walls may be drawn over the blackboards when 
not in use; this increases the light one-half. The ceilings should be 
white or very light, and without gloss. 

Blackboards.—Slate is the best material for blackboards, and can 
be obtained in either green or a strong black. The blackboard is 
an important addition to the schoolroom equipment, because it affords 
a desirable change of position for the pupils. It is better to use the 
entire front wall unless part of the space is taken by the dressing room 
door, the wall opposite the windows, and perhaps the rear wall, though 
this is less desirable. If it is placed on the window side of the room 
it will affect the eyes unfavorably. The front board may be from 5144 
to 614 feet high, the others 4 feet. In primary rooms the bottom 
of the boards should not be higher than 26 inches from the floor, in 
upper grades 30 inches from the floor. Hard, dustless chalk is pref- 
erable, and soft dustless erasers. Chalk troughs 21% to 3 inches wide 
should be provided with a detachable wire screen of coarse mesh, 
through which the chalk dust may fall. This demands thorough 
cleaning at frequent intervals. 

Floors.—On account of noise, ground air, and cold air, all the 
floors—unless there is fire-proof construction—require double floor- 
ing. ‘There is seven degrees of difference between the temperature of 
the floor and that of the air 5 feet above the floor, so that the children 
suffer with cold feet unless this is minimized as much as possible. 
The floors should be made of rift or quarter sawed pine or hardwood 
and dressed with a mixture of boiling linseed oil and paraffin, so as to 
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make the surface smooth and hard. Mastic insulite on concrete and 
battleship linoleum also make good floor surface. 

The teacher’s desk is no longer placed on a platform, as the latter 
is a trap for dirt, and the platform interferes with the movement of 
children about the room. 

Schoolroom Desks, Basic Principles—A movable seat and 
desk in one unit. 


Sete ae ia 


Fie. 262.—The Moulthrop desk. School Seating Langslow, Fowler Company, 
Rochester, New York. 


“A seat modeled to the normal shape of the thighs and buttocks, 
allowing thereby the pelvis to rest on the tuber ischii, thus avoiding 
the forward slipping of the pelvis with its forward rim tilting upward 
and consequent distortion of the spine. This requires a concavity in 
the seat of 3 inch. 

‘““A seat shaped to give an adequate clearance for buttocks to allow 
the individual to hold his back erect. 

“A seat shaped to give adequate clearance for knees to avoid pressure 
on nerves and blood vessels in back of knees. 

“A seat adjustable to height, so that the thigh of the pupil when 
seated will be perfectly level, the lower leg being in an_ exactly vertical 
position with the foot resting wholly on the floor. ee cd 

“A back so formed as to allow the occupant to maintain the torso 
in the normal erect position. eis 

““A movable back support, convex forward, that will maintain the 
normal forward lumbar curve, and compel an erect position of the 
entire spine. 

“A back of proper height with a top crossbar to prevent round 
shoulders. 
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‘A desk that can be easily adjusted to any desired position, height 

or angle for drawing, reading or writing. ; 
an back, seat, ae desk so correlated as to give a correct and yet 
comfortable “set up” to the occupant when at work. The proper 
correlation demands that the edge of the desk nearest the seated pupil 
shall touch the central part of his body without pressing against it. 


4 RBS Lins obs Steel a a eee es 
Fig. 263.—Moulthrop Desk. 
Norr.—This is technically described as “‘ Minus distance,” 7.e., such a relation 
between the rear edge of the desk top and front edge of the seat, as to bring the 
former a short distance over the latter. If the rear edge of the desk top is in 
such a relation to the front edge of the seat, so that a verticalline dropped from the 
rear edge of the desk top will coincide with a vertical line dropped from the front 
edge of the seat, it is called “zero distance.” If there is a space between the above 
mentioned vertical lines, it is called “Plus distance.” 


“It shall be of such a height that the forearm shall be at right 
angles to the upper arm during writing. It is desirable to have a top 
that tilts and slides backward and forward, so that the top may be . 
pushed back when the pupil is not using it.” 

The best models are the New York study chair (70 Fifth Ave., 
New York) and the Moulthrop desk (made by Langslow, Fowler Co., 
Rochester, N. Y.). The New York study chair is also provided with 
reclining back and foot extension so that it can be converted into a 
comfortable lounge during rest periods. The Mosher chair is the best 
for Kindergarten children. 

Cloakrooms are usually 5 feet wide and as long as the front 
wall of the corresponding classroom, into which they open by a door. 
They are ventilated by means of openings in the lower part of the door, 
through which the exit air passes on its way to exit flues in the upper 
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part‘of the opposite wall of the cloakroom. This keeps the clothing 
dry. It is important that hooks be sufficiently far apart, to keep 
the garments separate. There should be drip racks for wet umbrellas 
and foot racks for over-shoes. Many of the better schools provide 
hot and cold running water in every cloakroom. Cloakrooms will 
soon be obsolete. They will give way 
to ventilated metal lockers which can 
be placed in the corridors or built in their 
walls and provided with combination. 
locks and keys. 

Toilets.—This is one of the most 
difficult of allsanitary problems. In the 
largest city schools, well-lighted towers 
are built with separate ventilation and 
exhaust fans, so that the legal require- 
ments of changing the air 12 times an 
hour, instead of six, can be met. This 
arrangement also affords greater privacy, 
and greater convenience. In _ other 
schools provision is made for toilets on 
each floor. In the majority of schools 
one toilet each, for boys and girls, is 
placed on each floor, with the others in 
the basement. The standardized num- 
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Fic. 264.—Mosher chair. 
The Mosher Hygienic Chair 


ber of toilets is one for each 15 girls and 
one for approximately each 25 boys. 
Urinals should also be provided, one to 
each 15 boys. It is desirable to have 
the toilet rooms lined to a height of 5 
feet with the most impervious marble 
obtainable. Asphalt which is resistant 
to both water and acid makes a good 
floor, and should be pitched to’a drain. 


was designed by Dr. Eliza M. 
Mosher to meet a demand fora 
chair built on correct principles. 
It has a saddle seat and but one 
wide strip, for the back, allowing 
the hips and shoulder of the 
child to adjust themselves to a 
comfortable, upright position. 
The chairs are finished in forest 
green, and are made twelve and 
fourteen inches high. In order- 
ing state the height wanted. 


Wood is used only for the doors and 

individual stalls. The stalls should be made of pressed steel, enameled 
(the Ariton is used in the Cleveland public schools). Thus equipped, 
the hose can be turned on freely so that cleanliness may be secured. 
Toilets require mopping each day, but disinfectants are undesirable. 
The fixtures can be kept clean with a weak solution of hydrochloric 
acid. 

Toilets in country schools are a far greater problem on account of 
sanitary ignorance and laxness in the country, the necessity of placing 
them out of doors, the menace to health in large sections of the world 
from soil pollution and the danger of contamination to the water supply. 
In the plans for a model rural school at Kirksville, Missouri, arrange- 
ments are made for flush toilets on the first floor. This is possible 
because there is machinery in the basement which furnishes the 
power (Fig. 265). Frequently, such toilets are placed in the base- 

‘Vou. I-69 
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ment. A recently invented indoor toilet is the chemical closet (Fig. 267) 
which, by means of chemicals, destroys bacteria and odors. It is 
provided with a circulation of air and exhaust, so that no odors 
escape. Out-of-door toilets or privies should be placed somewhere 
between 50 and 150 feet from the school building, the toilets for boys 
and girls being entirely separated from each other, and hidden so far 
as possible by vines and evergreen bushes of some kind. It is better 
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‘Fria. 265.—Model rural school. (From the Rural School Messenger, pub- 
lished by the First District Normal School, Kirksville, Mo.) Vol. v, No. 2, Oct., 1915. 


if there be but one seat to a stall; there are seldom more than two 
seats. ‘These should have tight-fitting hinged covers that are kept 
down except when in use. The windows are preferably 7 feet above 
the ground and large enough to let in plenty of sunlight. They 
should be carefully screened. 

There are three satisfactory types of out-door toilets: The dry 
vault, which may be provided with buckets, a box or a pit made of 
non-corrosive and non-absorbent material. This requires the use of 
pulverized dusty loam taken from dirt roads rather than sand, which 
is to be used freely. The second type is the septic tank constructed on 
the principle of a system of air-tight cells in which bacteria are destroyed 
by the decomposition and liquefaction of sewage. It is an excellent 
system. So far as possible such privies should be placed where the 
ground is sloping so that there may be better drainage. There is also 
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pees ete process.* Toilets should be inspected and cleaned 
aily. 
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Fie. 266.—Model rural school. (From the Rural School Messenger, published 
by the First District Normal School, Kirksville, Mo.), Vol. v, No 2, Oct., 1915. 


Par: 


Fig. 267.—Ind 
* Towner, W. T., Modern Methods of Sewage Disposal in Rural, Country 
and City Schools, Fourth International Congress of School Hygiene, ii, p. 48. 
Dresslar, F, B.,, Rural Schoolhouses and Grounds, U. S. Bureau of Education, 
Bulletin No. 12 (1914). : 
Dresslar, F. B., Rural School Houses and Grounds, U. 8. Bureau of Education, 
Bulletin No, 12 (1914), whole No. 585. 
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It is important to place washrooms near the toilet rooms. They 
should be provided with warm water, children being taught to wash 
their hands after using the toilet. Equipment of washrooms to 
be adequate includes liquid soap in automatic containers, and paper 
towels. Children can be taught reasonable economy in the use of 
these towels. f 

Assembly rooms should be on the first floor. In the Skoki school 
at Hubbard Woods, IIL, the assembly room and kindergarten room can 
be thrown together. ; 

Many modern schools are now equipped with special restrooms, 
emergency rooms, and playrooms—one for boys and one for girls. | 
There should be other play space on the roof. Some schools have 
‘domestic science facilities with a housekeeping suite, to teach the care 
of the home, consisting of a hallway, kitchen, dining room, sleeping 
room, bathroom and living room furnished in accordance with the 
means of poor people. Some have shops equipped to teach sheet- 
metal work, carpentry, automobile repairs, pattern work, molding, 
wood working, printing and book-binding. Many schools have lunch 
rooms, physician’s and nurse’s office with space for a dispensary, and 
a dentist’s office with equipment. Gymnasia and auditoriums are 
used for community center activities, and there are showers, swimming 
pools and libraries.* 

Showers can be placed in the basement, if well lighted, ventilated 
and drained, or near the gymnasium. It is customary to install several 
showers in the same room with common arrangements for drainage. 
For older children each shower is placed in a stall, and there are sepa- 
rate dressing facilities. The floors are of cement or other impervious 
material, and the walls are damp proof. In elementary schools children 
are provided with bathing trunks. One matron supervises the showers 
for 60 children daily. 

The corridors are preferably from 14 to 17 feet wide, with rooms 
only on one side and windows on the other. The walls should be 
_ made of light-colored, dull-finished brick, and the floors of cement or 
some similar substance. In two-story buildings it is important to 
have at least two stairways, one at each end of the building, leading 
directly to exits. They should be enclosed in wire glass and steel, 
or other fire-proof partitions, from top to bottom, access being by 
means of self-closing fire-proof doors, held open by fusible links.+ 
Cement and steel make the best material for stairways which ought 
to be from 4 to 5 feet wide. If wider than this, a third line of 
children may descend without the protection of a hand rail. The 
height of the risers is usually 6 inches; width of tread 10 to 12 inches. 
There should be a rectangular landing halfway up, double the length of 
the tread. The lower part of the balustrades is made solid; the upper 


* Perry, C. A. “Social Center Features in New Elementary School Archi- 
tecture;” “Wider Uses of the School Plant.’”’ Pub. by the Division of Recreation, 
Russell Sage Foundation, No. 120 (25c.). 


+ From a Sage Foundation pamphlet on fire prevention, quoted by Rapeer. 
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of some easily cleansed metal work, finished with a hand rail 3 
feet above the floor and another hand rail at the outer end of the tread, 
jutting out from the wall. The number and width of stairways may 
be apportioned as follows: “Four feet for the first 50 pupils, and 6 
inches additional width for each additional 50 pupils.” It is better to 
make corners rounding where possible. 

Doorways.—‘‘For the exterior exit there shall be an allowance made 
of 15 lineal feet width of doorways for the first 500, and 6 inches 
additional width for each 100 additional persons. These widths should 
be increased by 50 per cent. if there be an auditorium on the first floor 
or basement which has not direct. exits.’’ It is important to provide 
the exit doors with panic bolts. 

Basements should be 10 feet in height for light, room, and ventila- 
tion, the floors of cement, and the ceilings of fire-proof material, with 
no closets under the stairways. In rural schools the gymnasium, 
dynamo, gasoline engine, power pump, water tank, tubs for the laundry, 
drying room, coal room, bulb room, dark room, and furnace are placed 
in the basement (Fig. 265). 

Other Fire Laws.—If a large school, each story should be constructed 
with fire-proof partitions, so that one section may be completely 
shut off from the rest. 

The heating plant should be separated from the rest of the building 
by fire-proof walls, ceilings, and doers. 

The attic should be cut by at least one partition to prevent draughts. 

There should be automatic sprinklers in store room and fuel room. 

There should be a’ fire drill every two weeks, with not only the 
usual alarm gongs about the building, but an alarm to the fire depart- 
ment as well.* 

Water Supply.—It is most important for school authorities to see 
that samples of drinking water are frequently sent to the state labora- 
tories for bacteriological and chemical examination. Driven wells 
with a force pump and a cover are regarded as the safest for the 
country school house. A drinking fountain can be attached to this. 
- An excellent description of this may be found in “‘ Rural School Houses 
and Grounds,” F. B. Dresslar, U. 8. Bureau of Education, Bulletin 
No. 12, 1914, Washington, Government Printing Office. 

The drinking fountain is taking the place of the common or the indi- | 
vidual cup. The pneumatic pressure tank, pump, piping, and drinking 
fountain affords running water, and costs from $100 to $250. It 
will afford power for the sanitary drinking fountain, the sink for washing 
hands, and sanitary indoor closets instead of the ordinary outhouses. 


*Cook, W. A., ‘Protection against Fire and Panic.” School House Sanitation, 
U.S. Bureau of Education, Bulletin No. 21 (1915), whole No. 648. d 

See Rapeer, ‘‘Educational Hygiene,” p. 336, and Cooper, F. I., The Planning of 
School Houses Against the Fire Hazard, Fourth International Congress of School 
Hygiene, ii, p. 39; School Buildings and Grounds, Extract from iii of the Tenth 
Annual Report of the State Department of Education, Albany, New York. 

} Rapeer, ibid. 
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Simple apparatus attached to hydrants can be obtained for $10. 
In large city schools, drinking fountains should be placed in the 
corridors. They require daily cleansing and in time of epidemic it 
does no harm to sterilize them occasionally with alcohol. 

In estimating dust a counting cellis used. It settles in the counting 
cell into.two layers the greater number of which are on the surface, are 
exceedingly microscopic and made up for the most part of mold spores. 
The lower layer consists of fewer and larger particles composed of 
vegetable fiber and inorganic matter. The schoolroom air in ordinary 
localities averages about 500,000 particles to the cubic foot but in 
dusty neighborhoods may have as many as 2,000,000. Usually school 
dust is not especially harmful except in epidemics.* Coal dust is not 
serious apparently.t Dust comes from dirt brought in by children’s 
shoes, or from fresh air intakes, from chalk troughs, erasers, door mats, 
sweeping and dusting. 

Janitors should be educated in principles of ventilation, heat- 
ing, pure and clean air, lighting, etc. They are responsible for a 
neat appearance outside, and for freedom from mud, etc., so that the 
children may enter: the schoolroom with shoes as clean as possible. 
Clean window panes shut out about 10 per cent. of the light. In 
view of this the necessity of cleanliness is apparent. In public schools 
windows are usually cleaned five timesa year. In some private schools 
they are cleaned every two weeks. The floors are scrubbed usually 
five times a year, and swept every night. Kindergarten rooms are 
scrubbed from two to five times a week, and swept twice daily. 
Sweeping is done preferably with standard sweeping compounds, 
or sawdust moistened evenly with a mixture of oil, turpentine and 
disinfectant, or’ with hair or fiber brooms of a self-oiling variety. A 
vacuum cleaner is by all means better, as it removes dust. Those 
recommended for schools are Atwood and Spenser, Turbine and Tule, 
and.Connorsville. There may be others of more recent date. Rooms 
should be dusted in the morning before school with a damp or oiled 
cloth. Erasers and door mats require beating two or three times a 
week, and blackboards require cleaning daily. Lockers should be - 
scrubbed at the end of each term. 

For disinfection, the following method is used at the School of 
Education, University of Chicago, though it is to be understood that 
disinfection is less and less used: 

Method of Carrying out Disinfection — 

Required: 

One 3-gallon pail. 

One 20-inch dish pan. 

For disinfecting a room of 200 cubic feet use: 

Formaldehyde . Aanguitita Ae 20 ounces (600 ¢.c.) 

Potassium. permanganate....... 10 ounces (300 grains) 

* Winslow, C. E. A., i i iti : 7 
International Congress en Fae ge L matter Pehoslat Hounes 


+ Mavrogardato A., Experiments on the Effect f Inh i i 
xvii (Oct., 1918), Ba of Inhalation, Jour. Hygiene, 
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Directions: 

First, seal up all window frames and other cracks and openings, 
such as ventilators and hot-air registers, etc. 

Place the pail in the pan in the center of the room. 

Measure the cubic space of the room. 

Then throw into the pail the amount of permanganate necessary 
for the size of the room to be disinfected, and add next the correct 
amount of formaldehyde, stirring gently to thoroughly mix the two 
materials. 

Leave the room as soon as the stuff in the pail begins to ‘‘boil,’’ and 
seal up the door from the outside. 

Leave shut for six hours. 

Note——On opening a room it is desirable to get rid of the fumes 
quickly. The most efficient method of accomplishing this is to open 
the windows for a few minutes, hang up a sheet in the center of the 
room and spray it liberally with ammonia water, then close the room 
for 20 minutes, afterward airing it for 10 minutes. 

An excellent bibliography may be found in School Buildings and 
Grounds, from vol. iii of the Tenth Annual Report of the State Dept. 
of Education, Albany, the University of the State of New York. 
Corwin, R. W., ‘‘The Modern Model School House on the Unit Plan.” The 

Franklin Press, price 50c. 

Mills, W. T., American School Building Standards, U. S. Bureau of Education, 

Bulletin No. 5 (1910), whole No. 444. 

Ingersoll, L. R., A Means to Measure the Glaze of Paper—Outline of the Theory 

and Construction of the Glarimeter, Elec. World (March 21, 1914). 

Report of British Assn. Committee on School Books and Eye Sight. Manchester 

(1915), Abstract in London Illuminating Engineer (Oct., 1915), p. 425. 
Magazines: 

American School Board Journal (architectural). 

Architectural Forum, Boston, 

Ventilation, heating, lighting, etc., will be found discussed in engineering 

magazines. t 


Woodbridge, S. H. (Mass. Inst. Tech.), Air and Its Relation to Vital Energy, 
Connecticut School Document No. 5 (1904), p. 12. 


HEATING AND VENTILATION 
HEATING 


Heat is essential for comfort and to a certain extent for a maximum 
of work and must be available in temperate or cold climates or build- 
ings cannot be used at all. Ventilation, while necessary for the pro- 
tection and maintenance of health, is on the whole less vital than 
heat. The importance of fresh air and comfortably heated rooms 
reaches its maximum in school buildings where the health of school 
children and their immediate ability to do school work is at stake. 
Disadvantageous conditions of this kind quickly produce disastrous 
results, which visitors are more likely to see than teachers, who as a 
rule quickly become used to unfavorable conditions. The bright 
eyes, rosy cheeks and alert manner of children in open-air schools 
testify to the necessity of these phases of school hygiene. 
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Because ventilating media are often used for heating, it is some- 
times assumed that they are inseparable. This, however, is a mistake 
as the kind of building, its size, its location, the average temperature of 
the climate where the building is located, etc., determine the method 
to be used for either heating or ventilating or the combination of the 
two. Asa general principle it may be said that the simpler the type 
used the better, but there is hardly any method of heating or ventilating 
that will not serve admirably if it is used in the right place. As 
there is such a great variety of climates and altitudes existing in the 
United States, it is easy to see that if satisfactory results are to be 
obtained discrimination must be used in choosing the type. Wind- 
swept plains, the cold northern states, and the warm southern states, 
the large city and the rural district present differences that only the ex- 
pert heating engineer can handle competently. There are heating and 
ventilating quacks just as there are medical quacks and the results of 
one are as bad as the other. Sometimes communities expect their 
school superintendents, principals, boards of education, etec., to act 
in the capacity of heating and ventilating engineers; that is, they 
expect the above officials to choose heating and ventilating apparatus. 
Considering the multitude of highly scientific problems that are in- 
volved in such choice, the expensive character of the equipment and, 
most of all, the intimate relation between health and school progress 
and proper temperature, humidity and fresh air, it pays from every 
point of view to obtain the services of heating and ventilating engineers 
and when once the problem has been turned over to them to allow 
them to assume full responsibility for successful results. 

Standards of Heating.—Heat is best generated in a central plant 
safely situated and so constructed that dust, gases and odors cannot 
escape into the building. The size of the plant is important, at least 
it is desirable that it be sufficiently large to meet the effect of the lowest 
possible temperatures or the strongest winds. Where heated air is 
used it is necessary, in order to prevent devitalization of air, to plan 
on a scale of sufficient size so that a large quantity of moderately 
heated air may be delivered rather than a small quantity at a high 
temperature. In mild climates and in small buildings, it is sometimes 
possible to install hot-air furnaces, depending upon the teacher to 
report temperatures either too high or too low. Even in small systems 
this is unsatisfactory, however, as both teachers and pupils become 
oblivious of temperature conditions when the school work is absorbing. 
In large systems automatic regulation is a necessity if the variation in 
temperature is not to extend beyond one ‘or two degrees. 

The fresh air intake in large systems should be taken from a point 
above the roof if possible and in any case well above the ground. It 
is better placed on the south side of the building because there is a 
difference of five degrees between the north and the south sides, and 
by making this provision it is possible to save considerable fuel. 
_ Temperature.—Experiments show that the best mental activity 
is secured at a temperature of 50 degrees. Such a temperature 
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requires extra clothing and is rather low for hand work. There has 
been an effort to adopt 65 or 66 degrees as the best general temperature 
standard for school activity but pupils are accustomed to warmer 
temperatures in their homes so that 70 degrees has been universally 
adopted. All types of heating apparatus should guarantee a tem- 
perature of 70 degrees for study and recitation rooms in the coldest 
weather. During physical education periods fresh unheated air may 
be admitted directly to the gymnasium. As temperature is the only 
condition which really affects the conscious comfort of teacher and 
pupils, provided the humidity is normal and as it actually bears a 
distinct relation to mental and physical progress, it is very important 
to keep the temperature even and never above 70 degrees. 

Humidity.—The ideal air condition is a sunny, breezy spring day 
with an outside temperature of 70 degrees, and a relative humidity of 
50 or 55 per cent. (saturation being 100 per cent.). In cold weather, on 
account of the frosting on windows and the drier condition of outside 
air, it is not possible to secure such conditions, the humidity at times 
getting as low as 40 per cent. relative humidity at 68 degrees dry bulb 
or room thermometer temperature. This is low but it is within 
- normal limits. A degree of physical comfort which is equivalent to 
the ideal condition may be secured at a temperature of 63 degrees dry 
bulb if there is a humidity of 62 per cent., but it is advisable if possible 
to keep the relative humidity at a point which is equivalent to the ideal 
as above noted for the actual outside temperature when the inside 
temperature is 70 degrees. The higher percentages of humidity have 
a decided economic advantage in the saving of fuel and their effect on 
health is not supposed to be detrimental, but they result in discomfort 
and probably less intense work on the part of the pupils. Humidifica- 
tion really concerns ventilation more than heating and for some reasons 
would be better discussed there. Wherever considered, the point to be 
emphasized is the necessity of providing ample moisture to every 
heating system from the smallest furnace to the largest plant, for 
although studies of humidity show that there is very little relation to 
the health of the school child, there is no question but that overheated 
air draws moisture from the skin and this produces discomfort. 
Comfort is worth considering and depends as much upon humidity as 
upon temperature. The Sling psychrometer or hygrometer is the 
usual instrument for measuring humidity. 

Heating.—Except where stoves are used in very primitive schools, 
heat is supplied to school rooms from a central plant located in the 
basement or in an adjoining building or from a power house which 
supplies a number of buildings. Stoves simply radiate heat. Furnaces © 
send the heat upward through flues, by gravity or forced blast (fan). 
Hot water, or vapor or steam is generated in the basement or power 
house by furnace fires or electricity which heats the water in the boilers 
to the temperature required. From the boiler the heating medium is 
carried by pipes to the school rooms, there circulating in radiators. All 
heat derived from a heating mechanism in the room as from a stove or 
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radiator, no matter where the source of heat, is called dzrect 
pret crt OI 8 for ventilating purposes must be heated to 
a temperature of 70 degrees before it is distributed to the rooms. 
Fresh air intakes of various sizes are employed, depending upon the 
number of pupils to be supplied. No matter what type of heating 
apparatus is used, the air to be used for ventilation derives its heat by 
circulation around or between the various parts: jacketed stove, 
radiator coils, etc. After it is heated, gravity ora fan forces itonora 
vacuum draws it through flues to the rooms. This air of course not 


Fie. 268.—Circulation of heated air in a well arranged schoolroom. (The 
Rural School Messenger) Published by the First District Normal School Kirksville, 
Mo., Vol. 5, No. 2, Oct., (1915): 


only ventilates but also supplies part of the heat. When the heat is © 
derived from ventilating air . . . it is called indirect heating. Heat 
and ventilation are frequently supplied in combination: direct-indirect, 
unit, split and combination types which will be considered later. 


Typrs or HEATING 


Stoves, furnaces. 
(a) Using gravity circulation of heated air. 
(b) Using forced circulation. 
Gas. 
Vapor. 
Hot water. 
(a) Using gravity circulation. 
(b) Using forced circulation. 
Steam. j 
(a) Gravity air indirect. 
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(b) Direct-indirect. 

(c) Unit ‘‘systems.”’ 

(d) Forced blast, using air only. 

(e) Forced blast supplemented by direct radiation. 

The jacketed stove for portables, one room and small rural schools 
where there is no basement is enclosed by a sheet iron jacket, the 
inside of which is 18 to 24 inches distant from the stove. The jacket 
is about 6 feet high and extends to the floor. A cold air duct leading 
from the outside of the building underneath the floor opens beneath 


LHEVILDER 
U.S.Pustic Heactn Service: 
Fie. 269.—Type of jacketed stove. ‘Rural School Sanitation.” Clark, 
Collins and Treadway, Public Health Bulletin No. 77, June, 1916. Treasury 
Dept. U.S. Public Health Service, p. 37. 


the stove, and the air which enters from it is heated by the radiation 
from the stove and rises to the ceiling. Such stoves are placed in 
the schoolroom close to the side of the room, either in the middle or in 
a corner. Many of these stoves have an evaporating apparatus. 
They demand attention, as their value is lost if the fresh air chamber is 
broken or disconnected or if there is re-circulation of room air, and dust 
may be distributed in the room if dirt and debris accumulate in the 
spaces surrounding the stove and its jacket. Where it is necessary 
to use equipment of this type the laws of Ohio can be depended upon 


as a standard. 
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: kind have been 

Furnaces.—For the most part stoves of this kind 
replaced by furnaces, which supply both heat and ventilation through 
flues to the various rooms. The gravity furnace is placed in the base- 
ment and receives outside air from several sides so as to catch any 
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Fic. 270.—Different Types of Heating and Ventilation. Kruse und Selter 
“Gesundheitspflege des Kindes.”’ 


wind that may be blowing, the air inlets being under control by dampers. 
There are devices for furnishing moisture but in most gravity furnaces 
there is no provision made to avoid the re-circulation of schoolroom 
air. Aside from this objection the gravity furnace is good for small 
two-story buildings with four rooms or less. It is not good for one- 
story buildings. The following rules apply to gravity furnaces only. 

The volume of the house divided by 50 equals the square feet of heating 
surface in a furnace radiator. The volume of the house divided by 20 equals the 


number of square inches of grate area in the furnace. Divide the volume of the 
room by 20 and the square root of the quotient will be the diameter of the f urnace 
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pipe for the first floor rooms; for the second floor rooms, divide the volume by 25 
and the square root of the quotient will be the diameter of the furnace pipe.* 

The forced blast type of furnace combines both heat and ventila- 
tion, a fan being used to draw fresh air from without and later to force 
it over the heating surface of the furnace and on through the ducts 
into the rooms. Sometimes parts of the building requiring minimum 
ventilation are heated by a small steam or hot water heating boiler, 
attached to and receiving its heat from the furnace. Halls, toilet- 
rooms and rooms which are liable to be used when classes are not in 
session or after school hours come under this category. Several fur- 
naces can be made to serve as a unit, but it entails so much labor that it 
is not practical for large buildings. The advantages of furnace heating 
are simplicity, cheapness, economy and quickness in securing results 
in mild weather. The objections are the escape of gases, dryness of 
air notwithstanding efforts at humidification, and difficulty in appor- 
tioning heat properly to the various rooms. 

Gas radiators are manufactured which are heated by Bunsen burners 
in direct association with the radiator. Except in a few schools 
located in mild climates, they are used only to furnish additional 
heat where ventilation is already provided. Their chief advantage 
is that of localizing heat to any section of the room. On the whole 
they are dangerous. They are sometimes inefficient because their 
heating capacity depends upon the amount of gas pressure. Gas is 
also used as a fuel for regular furnaces and steam systems. In this 
connection it acts admirably. 7 

Vapor heat which is controlled by a patented device is a modifica- 
tion of steam heat, the difference being that the vapor is used as it 
first comes off the boiler instead of beyond the boiling point as in steam. , 
As there is no pressure, the steam is not superheated and therefore 
is not devitalized. This system requires large supply pipes and large 
amounts of radiation. It acts by condensing the vapor in the radiators 
which produce a vacuum thus drawing in more vapor. Except in 
mild climates and with gravity indirect systems (see ventilation) it has 
no advantage over steam for school heating. 

Hot water is advantageous because it is heated only to 180 degrees, . 
thus devitalizing the air less thansteam. It is, however, not practical 
except in mild climates where less heat is required. Its use is depend- 
ent upon the topography of the site, grades, elevations, etc., and upon 
good available exhaust steam. Hot water is more difficult to handle 
than steam because it cannot be shut off in the basement, or elsewhere. 
Usually enough coils are provided to take care of the ventilation at 
maximum conditions. Modification of the temperature of the air 
used for ventilation is produced by a device called the “by-pass” 
which is a damper permitting more or less outside air to mix in the 
ventilating chamber according to the need. As the water in the 
coils is kept at a constant temperature the function of the by-pass is 
simply to reduce the temperature of the ventilating air. In a hot 


* Allen, John R., ‘‘Heating and Ventilation.” 
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water system the air for ventilation is heated to 70 degrees at a central 
point by hot water radiators and a blast or fan then forces it on. Heat 
for the supply of transmission losses is derived directly from hot water 
coils in the rooms. Hot water cannot be controlled thermostatically. 
Steam is the most universal medium for heating schools of any 
size. It is advantageous because the radiator can be diminished in 
size and because rooms can be warmed by it quickly. Steam also 
can be used as a means of power for driving the ventilating fans if the 
pressure is sufficiently high. Five to ten pounds of pressure is enough 
for the heating system if electricity is available for power for the fan. 
Some of the forms in which steam heat is used are the following: 
(a) Gravity indirect 
(b) Direct-indirect 
(c) Unit systems 
(d) Forced blast 


(e) Forced blast supplemented by direct radiation in which direct radiation 
is used for the heating medium and air as a ventilating medium only. 


The medium is air. 


Gravity Indirect.—This type of heating supplies heat only by 
means of the ventilating air which is heated around stacks of coils in 
rooms in the basement and forced on up through the flues into the - 
’ schoolrooms by the pressure of the wind outside. As this is usually 
uncertain some direct radiation is often supplied also. While in grayv- 
ity systems it is possible to handle rooms on the windward sides of 
buildings satisfactorily, it is very difficult to supply ventilation or 
indirect heat to the leeward sides. Rooms in the latter situation are 
not only deprived of the usual currents of air circulating on the wind- 
ward side, but there is also a tendency to suck air out of the rooms by 
a partial vacuum created at a point outside of and beyond them where 
windward currents of air coming around either side of the building 
meet. 

Direct-indirect.—In this type the radiators are placed in contact 
with the outer walls of the room, the same sides on which the windows 
are placed. Each radiator is directly connected with the out-door air 
through a.grating which is the outer boundary of a little chamber in the 
wall controlled by a damper to let in more or less air. Through this 
chamber the outside air is conducted to a small chamber underneath 
the radiator. From this point it becomes heated as it circulates 
between and around the coils in its ascent. Thus by the same radiator 
heat is supplied directly and ventilation indirectly. This is‘a poor . 
system except in those parts of the building which require minimum 
ventilation as in retiring rooms and locker rooms. In classrooms 
where there are many pupils it is not possible to obtain adequate 
ventilation if proper heating is secured or proper heating if the right 
amount of ventilation is provided. It is very clear that on the leeward 
or protected side the wind will be insufficient to secure adequate 
ventilation and on the windward side, if the rooms are close to the 
ground, soot and dirt will be blown in, thus injuring the decorations. 
In the South where very little heat is needed and in places where wind 
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pressures are strong and windows kept open, it may be used advantage- 
ously with vapor or hot water. This type of equipment should always 
be provided with direct radiation in halls, toilets and rooms requiring 
direct heat even when used in mild climates. 

Unit System.—This is like the direct-indirect system except that 
each radiator is surrounded by a cabinet and is provided with a small 
fan placed in the top of the cabinet which distributes the heated air. 
The outside air is allowed to enter the cabinet at a point in the wall 
above the floor. The manufacturers claim the following advantages: 
First, that it can be handled by teachers. As has been said before, 
teachers have no time to use for this purpose. Second, if the heating 
and ventilating of each room comprises a unit, windows can be opened 
without disturbing the general distribution of heat and air. This is 
true, but if direct radiation is provided for schoolrooms the opening 
of windows in any room will produce very little effect upon the ventila- 
tion of any other room, no matter what system is used. The points 
against this type for school use are expense, noise, and the re-circulation 
of air. The best architects approve its use in many places but not for 
schools. 

Forced blast heating is the type in which outside air is heated by 
coils in the basement (indirect) and forced on by a fan or fans through 
the ducts and vertical flues into the rooms. In large buildings ‘in 
- mild climates it is the ideal system. Its limit depends upon the 
temperature to which the air must be raised to heat the building in 
very cold weather. If in such weather it is necessary to raise the 
temperature to 90 degrees it is better not to use it alone but in combina- 
tion with direct radiation. In the unexposed portions of buildings 
such as auditoriums, gymnasiums, etc., excellent results are secured if 
forced blast is used alone. The rest of the building, as has been said, 
must be provided with both systems unless wind conditions are bad 
when careful designing is necessary to avoid defective distribution. 

“Split System’? or Combination Type.—This has practically been 
described above. As heat in the forced blast system is derived solely 
from the ventilating air and as it is of great importance to keep this 
air from devitalization it can be seen that it is not appropriate for 
very cold climates. Consequently the split system is very popular. 
It includes direct radiation in the rooms for heating and indirect for 
ventilating, supplied by the forced blast system. Systems in which the 
heat is generated in a central plant should be controlled by thermostats 
in each room, sensitive to the degree of temperature. If the tempera- 
ture rises above the point set as correct, the thermostat opens the cold 
air damper; if it falls below, on the other hand, it opens the hot air 
damper. This air enters the mixing chamber and then passes to the 
over or underheated room. In the split system the indirect coils are 
so controlled by thermostatic regulation as to introduce the air into 
the rooms at a temperature of 70 degrees regardless of outside tempera- 
ture. The room control operates the direct radiation, keeping the 
temperature of the room at any point desired. Thermometers should 
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be placed in each room, in the path of the air leaving the room on a . 
level with the heads of the pupils while sitting. As they are a tempta-~ 
tion to mischievous children a height of 5 feet above the floor level 
is more practical.* It is very desirable for school children to learn 
to keep room temperature records; it may very well be a part of their 
training in hygiene to keep a daily temperature chart on the wall. 


VENTILATION 


The aim of ventilation is to renew the aerial envelope evenly about 
the bodies of people by the passage of air, and to remove contaminated 
air promptly and directly, so that there may be no stagnant spots. 
“Pure outdoor air contains, per 100 volumes, 20.81 parts of oxygen, 
79.15 of nitrogen, and 0.04 of carbonic acid gas. Air expired by an 
adult man, when deprived of the water vapor acquired and reduced to 
the same temperature as when inspired, has 4.78 parts less of oxygen 
and 4.34 parts more of COs, and 0.15 part more of nitrogen.’’+ 

Expired air also, which is only one or two degrees less than body 
heat, adds both heat and moisture to the atmosphere. As humidity 
always decreases the ability of the body to throw off heat, and as per- 
spiration contains inorganic salts and fatty acids, which often undergo 
decomposition, producing noxious odors; moreover, as schoolroom air 
always contains dust and bacteria, and sometimes contains vitiating 
gases which escape from furnaces and stoves, it becomes very essen- 
tial to supply large amounts of pure air and to supplant foul air. 
Accepted standards for proper ventilation are a minimum of 30 cubic 
feet of air for each person per minute. Each child vitiates 100 times 
as much air in an hour as it will breathe, and the amount breathed de- 
pends on the physical state and age of the child. Primary children at 
ordinary quiet work breathe 20 cubic feet of air each hour and, there- 
fore, require 2,000 cubic feet. Upper grammar grade children breathe 
25 cubic feet, and high school children 30 cubic feet, an hour. In 
a standard schoolroom 25 X 30, with ceiling 13 feet high, and con- 
taining 50 pupils, a minimum of 1,500 cubic feet per minute is re- 
quired, with a complete change every seven minutes. 

The velocity of air can be accurately measured by the anemometer. 
Its use is essential where ventilation depends upon gravity or mechan- 
ical systems. 

Fresh heated air should enter the schoolroom from a duct opening 
8 feet above the floor level on an inside wall. The opening should | 
be supplied with shutters that can direct the air so that it will travel 
across the upper part of the room, down the opposite wall, and back 
again in the lower part of the room to exit flues near the floor on the 
same wall with the entrance flue, or if the dressing room is behind 
this wall, the exit openings may be through the lower part of the 

*Linneus, Neal Hines, Some American Schoolrooms, Fourth I. C. School 
ta Fe bahar ey Crowd 

aw, “Schoo iene.” Tr mate inspirati i 
Air, Archives of Thieraal Medisin gsi fO@Uadi tay pet mea 


HEATING AND VENTILATION 1105 


dressing room, thence upward, passing over the children’s garments to 
exit flues in the upper part of the dressing room. 

Fresh air is distributed either by dilution or displacement. Dilu- 
tion of air is caused by differences in the temperature of objects, 
walls, windows, etc., being cold; stoves, radiators, animals, etc., 
generating heat. These factors produce upward and downward 
currents, whether air is fresh or foul, on the principle that heated air 
rises, and cold air falls. Ventilation by displacement occurs when 
windows are open on each side, so that the wind causes complete 
horizontal displacement. When seats are stationary it is possible to 
use a type of ventilation based upon the vertical displacement of air. 
In this type, the warm fresh air enters through openings in the floor 
under the seats, rises directly to the ceiling and passes out through 
vents at this level. ‘This is the system usually used in theaters and in 
the large assembly rooms or auditoriums of schools. 

The chief ventilating systems are the gravity indirect system 
and the mechanical systems. Of the latter there are two types: the 
vacuum system and the plenum system. 

The gravity system, illustrated by the jacketed stove and furnace, 
depends upon pressure of the wind from the windward side of the 
building in the fresh-air duct, and also upon temperature differences— 
hot air rising, and cold air falling. If the thermostat is used, it auto- 
matically controls the temperature differences, so that if rooms are 
heated above the standard fixed, cold air will be drawn in and vice 
versa. The greater the difference in temperature between the air 
outside and inside, the stronger is the pull in the supply flues. The 
foul air outlet, therefore, is made much more effective if aspiration is 
produced by a gas jet which is kept burning in it. When the rooms 
are warm, thermostats call for cold air, which cools the vent flues also, 
so that they do not draw and there is air stagnation. This makes it 
necessary to depend upon open windows in the spring and fall in rooms 
which are located on the leeward or neutral sides of the building. If 
the teachers forget the windows, the floors are likely to become cold, 
because as soon as the air from the windows has cooled the room, 
the thermostat calls for warm air from the supply duct. This soon 
heats the ventilating flue near the floor on the inside wall, which then 
becomes an attraction for the cold air from the windows, resulting in 
cross circulation. 

With the gravity system, rooms on the leeward side have extremely 
poor circulation of air. If the windows are open, warm air, being 
lighter, passes out both at the top and the bottom. Heated air from 
the radiators under the windows passes directly out of doors. Heated 
fresh air from the supply flues passes straight across the ceiling and out 
at the window tops, never approaching the breathing zone. The 
pupils, therefore, receive very little fresh air. These unfortunate 
adjustments make mechanical methods necessary. 

The exhaust or vacuum ventilation system is so constructed that 
air is exhausted from the rooms by fans (usually placed under the roof) 
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which produce a partial vacuum, thus drawing in fresh air from the 
fresh-air intake in the basement, but also drawing in foul air from 
hallways, etc., through cracks under the doors. It is, therefore, a 
better system for auditoriums than for schoolrooms. Small exhaust. 
fans can be used for drawing air from the corridors through toilet. 
rooms and heat, steam and odors from domestic science rooms. 

The plenum system or forced blast is constructed so that fresh 
air is driven into the room by means of a fan. This creates a density 
above that of the outer air, thus driving out foul air. By this system 
it is possible to measure exactly the amount of fresh air furnished 
to each room. There are many mechanical variations for carrying 
the air to the rooms such as the single duct, the plenum chamber, the 
reheater coils in flue, the overhead or downward distribution, the 
mush room or upward distribution, ete. Considered as a whole it is 
the most perfect single system known. Sometimes, especially in 
buildings of four stories or more, the vacuum and plenum systems are 
combined to excellent advantage. Some architects believe that 
artificial heating and ventilation will never solve satisfactorily the 
problems of air circulation in the schools and that open-air schools will 
eventually replace the unsuccessful: attempts of mechanical systems. 
All good school architects regard their problem essentially that of 
bringing spring out-door conditions into the school by mechanical 
means. 
Recirculation of Air—As it is easy and financially economical to 
recirculate air, apparatus constructed for this purpose has been in- 
stalled in many schools. School air quickly becomes contaminated. 
People who advocate this system, therefore, have devised various 
means of obviating the difficulty. The air washer, the air filler and 
the ozone apparatus are mechanisms in point. The true function of 
the air washer is to remove dirt and soot from air in very smoky dis- 
tricts or from inlets near the ground. Changes in schoolroom air 
are obviously of a different nature. It is the chemistry—not the 
mechanics of air that need changing. With air washers, however, it is 
probably permissible to recirculate a portion of the room air if it is 
mixed with fresh air, but it increases the humidity of air to so great 
an extent that it produces great discomfort and is very impractical. 
The air filler and the ozone apparatus have been proven scientifically 
inefficient. They are also very much more expensive than the ordi- 
nary method used in which fresh air alone is used. Recirculation of 
air is prohibited by the Ohio State Laws. 
State Laws giving proper consideration to the heating and ventilat-_ 
ing of school buildings are on the Statuite books of New York, Massa- 
chusetts and Ohio. The following books are of value: 

Heating and Ventilating of Buildings,” Carpenter. 
os Mechanical Equipment of Buildings,” Harding and Willard, 
vol. 1. 

The author is indebted to Mr. Dwight R. Perkins of Chicago for 
general oversight of the material on School Architecture, to a “Lecture 
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on Heating and Ventilating” delivered at the University of Chicago 
Teachers’ College Summer Course by Mr. R. W. Yardley formerly 
with the firm of Perkins, Fellows and Hamilton, Architects, Chicago, 


and to Mr. A. J. Dunn of the same firm for correction and further 
suggestions. . 


LIGHTING 


The ordinary standard of light is the foot candle which is a measure 
of the intensity of light as a degree Fahrenheit or Centigrade is the 
measure of the intensity of heat. The standard foot candle corre- 
sponds approximately to an old fashioned tallow dip with a wick about 
three-eighths of an inch in length. 
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Fie. 271.—“ Rural school sanitation,’’ Clark, Collins and Treadway, Public 
Health Bulletin No. 77, June, 1916, Treasury Dept., U. 8. Public Health Service, 
p. 37. 


There are two ways of securing intensity of light sufficient to 
prevent eye-strain: first, natural light; second, artificial light. _ Work 
can be done comfortably with a lower degree of intensity from artificial 
than from natural light. From every other standpoint, however, it 
is obviously of great importance to secure natural light if possible. 

In a room of north exposure on a clear day in the middle of spring 
or summer (Fig. 271, 272) the desks nearest the window are located in 
an intensity of light equal to 40 or 50 foot candles per square foot; desks 
on the opposite side of a.room 24 feet wide have an intensity of light 
equal to three foot candles. Three foot candles is the minimum for 
class rooms: from 6 to, 10 is good lighting. If each 2 square feet 


1108 HYGIENE OF, THE SCHOOL AGE 


of floor space in the class room requires a minimum of one foot candle, 
the same space requires only 0.8 of one foot candle for auditoriums 
and gymnasiums and 0.5 for stairways and halls. 

To secure sufficient amount of intensity for the seats in the darker 
section of a schoolroom it is important that no desk be farther from the 
window wall than one and one-half times the height of the window 
glass above the desk surface. Great effort has been made to have the 


f 2 8 KY ~ WR March 12M. Sky gray white evenly distributed clouds. 
poo =, G. GG Jan. 12 M. Bie Sky with reflex from near by buildings. 
Pp °° ° KG. Ss Mareh 10 A. M. Sky lightly covered with clouds. 


March 10.15 A. M. Sky lightly covered with clouds, children 
are at their desk. 


©] GK Mais : Dec. 11.15 A. M. Moderate uniform clouding of the sky. 


SO SON e . 
BE WY Dec. 11.15 A. M. Moderate uniform clouding of the sky, 


children are in their seats. 


NSW Dec. 11.15 A. M. Sky evenly darkened, light rain with some 


snow flakes. 


PSS ek Shot oh Sis 8 Se Jan. 12M. Uniformly dark sky, light rain. 


Fig. 272.—‘‘Gesundheitspflege des Kindes.’’ (Kruse und Selter.) 


light come in from the left. If the light depended upon comes 
from this direction only the windows should start 15 to 18 inches from 
the rear wall leaving not less than 6 to 7 feet of blank wall at 
the other end. Further, the top of the window should be square, 
should extend to a distance within 3 inches of the ceiling and the 
extent of the window surface should equal one-fourth or one-fifth the 
floor area. A foot of light coming in from the top is worth more 
than 3 or 4 feet at the bottom of the average window, primarily 
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because light coming up from below produces strain of the ciliary 
muscles and uses retinal energy designed for purposes of vision, to the 
point of retinal exhaustion; also because it produces contraction of 
the pupil thus reducing the amount of useful light entering the eye, 
and finally, because it brings the glare of the page annoyingly into 
consciousness, in this way distracting the attention away from the 
subject matter with which it is dealing. It is important for light to 
come from above, in the schoolroom especially as most of the work 
done with the eyes is placed below them on the desk. When there is 
proper provision for this arrangement the light will then be reflected 
into the eye from the surface of the material under inspection. 

Various arrangements are provided so that light may come in from 
above and not from below. 

The method of procuring ‘“‘top lighting” is by means of sky-lights 
in the roof with shades to control the light. This is only possible in 
one-story schools such as the Skoki School near Chicago. The ceiling, 
however, can be used as a light reflector, the reflector being a highly 
polished horizontal inside shutter 2 or 3 feet wide and placed 2 or 3 
feet below the top of the window. Such reflectors should be fastened 
in place with a hinge that will allow it to be inclined at different angles 
varying with the different inclination of the sun’s rays at different 
times of the year. When high buildings obscure the light (Fig. 273) 


i 
| 


i oa z 
Boe ag —* are 
; 7 ake =. Re + 
iS ae os és! % 
re 
, egies Na 
; *. 
ee & 4 
. 


SE LILESL tre 


FH. 


S750 brn 25-2 
Be. $ ; Srasse 


Fic. 273.—Interference of neighboring buildings in the amount of light. 
“ Gesundheitspflege des Kindes.”” (Kruse und Selter.) 


outside, reflecting shutters are of value by reflecting light from the 
sky on to the ceiling. Reflectors of this kind are made of milk or 
prism glass. 
Light from other directions: If the windows are placed sufficiently 
high and furnished with the proper shades or horizontal shutters, the 
light may be admitted from any direction, even from the south. 
Ordinarily with lighting from the left, the lower margin of the window 
in primary class rooms is 3!4 feet above the floor ; in grammar-grade 
rooms 4 feet, but with the arrangement above indicated windows 
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may begin 614 or 7 feet from the floor and the blackboards and charts 
can be placed below them on sides opposite other windows. Thus 
they receive ample light while the glare is reflected to the floor. 
When windows for Jighting purposes are placed so high it is desirable 
for psychologic reasons to have some small windows at the usual 
height below from which to look out. 

' It is important to equip school windows with translucent shades, 
hung from the top. These are always raised when the sun is not 
shining through them. If schoolroom windows come below the level of 
the eyes, dark shades may be placed at the bottom of the window and 
pulled up far enough to bea protection. From the standpoint of light 
it-is advantageous to have larger panes of glass and fewer windows. 
If the window glass panes are 42 X 45 inches with five windows, 160 
square feet of light are admitted; if they are 48 45 with four win- 
dows there are 185 square feet of light. Breakage however must be 
considered. Probably the best windows are those divided into three 
sections, each swinging on a horizontal pivot. See illustrations ‘‘Open 
Air Schools” (Fig. 283). With this arrangement entering air can 
_be directed upward and if each section is provided with its individual 
shade, the light can be very easily controlled. 

Summary of Natural Lighting—In selecting a site and plans with 
regard to illumination it is important that neighboring trees or build- 
ings shall not rise more than 15° above the horizontal plane of the 
bottoms of the windows; that windows shall be high enough to permit 
light to fall at an angle of from 15 to 40° on the part of the room most 
distant from them, shutting off all glare of light below 15°, and that 
such windows be placed on all available sides of the room. Light can 
be augmented by light colored tinting of the walls, light colored shades _ 
that can be drawn in front of the blackboard when not in use and 
horizontal polished shutters.* 

Artificial Light—The requirements of good artificial light are: 

Intensity. ' 

Quantity. 

Suitable quality. 

Light from the proper directions. 

Intensity of Light.—As has been said, the ordinary unit or standard 
of intensity of light is the’foot candle and corresponds to a degree 
Fahrenheit or Centigrade which is the unit or standard of the intensity 
of heat. The intensity of artifical light is influenced by a number of 
factors; among others the amount of wattage. There should not be 
less than one to one and a half nor more than two watts per square 
foot. Preferably there should be one 150 watt lamp for a room 10 
feet square. 

Quantity.—The unit of quantity of light is called a lumen. It 
corresponds to the calorie or unit of the quantity of heat and is used 

* Daylight ‘in the Schoolroom, Abstract of Report of Subcommittee on Con- 


servation of Vision and Lighting in Schools, Jour, A. M. s 
18, 1921), p. 1785. | M. A., lxxvi, No. 25 (iu 
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by illuminating engineers in measuring the quantity of light. If it is 
desired, for instance, to illuminate 10 square feet to the intensity of one 
foot candle, 10 lumens are required. Therefore, if the light given off 
by a-lamp of 1,000 lumens could all be confined to 100 square feet, 
the total light would have an intensity of 10 foot candles. 

When illuminated by electricity, the watt must be considered as 
the practical unit of activity or power as it indicates the energy 
consumed. Seven hundred and forty-six watts are equal to one horse 
power. Wattage is the power consumption of a lamp. The original 
carbon (incandescent) lamp, which is the ordinary bulb used in lighting 
homes at present, burns with an intensity of 16 foot candles and uses 
50 to 60 watts. The following table shows the relation of lamps, 
watts and lumens: 


TABLE 37 
Size or Lampin Watts Crear Mazpa-C Lumens (110 Vouts) 

75 865 

100 1,260 

150 2,040 

200 3,100 

300 4,840 

500 8,750 

750 13,900 

1,000 19,300 


An inspection of the above table reveals the fact that it is greater 
economy to use one large lamp than several smaller ones of the same 
total capacity. 

Three 60 watt Mazda-B lamps use 180 watts and give 1726.2 lumens, 

One 150 watt Mazda-C lamp uses 150 watts and gives 2049.0 lumens. 
Allowance must be made for wastage as. only half of the light 
guaranteed by the lamp will be delivered at the working plane as useful 
light. 

The Size of the Wire or Filament which Produces Illumination.— 
A filament of the carbon lamp is larger than the tungsten filament 
of the Mazda lamp and for this reason offers less resistance to the 
current of electricity. The glow however depends directly upon the 
amount of resistance. It can be seen, therefore, that less electricity 
will be required with the smaller filament of the Mazda lamp and that 
it will give a better light. 

Light of suitable quality, 7.e., the color, should be that of daylight. 
The tungsten filament of the present Mazda lamp produces the best 
imitation of daylight. 

Light: from the Proper Directions.—Direct light, such as is fur- 
nished by a gas jet or incandescent lamp with a clear glass bulb, is 
too strong to be good for the eye, casts sharp shadows, and reflects 
light from desk tops, glazed paper, etc., in the form of glare. Glare 
- itself is a quality of light which is of the most serious importance as it 
produces discomfort, interference with vision and eye fatigue. It can 
readily be avoided by frosted bulbs. 
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Indirect light is a better form of distribution (Fig. 274). It is 
such as is furnished by lamps hung close enough to the ceiling so that 
the inside, white, highly glazed bowl, that hangs just below the lamp, - 
reflects the light to the ceiling, which in turn is diffused from. that 
area throughout the room. There is an objection to this form of 
light, viz., the bowl, which is ordinarily made of metal and is dark on 
its under surface, produces a contrast glare which is undesirable. 


Fia. 274.—Indirect lighting. (Duplexalite General Electric Co.) 


Semi-indirect light is a form in which the bowl below the ceiling 
light is made entirely of dense opal translucent glass. This gives 
both the reflected light from the ceiling and diffused rays below, and 
is the most satisfactory form in use. One of the best fixtures on the 
market at the present time is called the “Duplexalite.” This fixture 
is so arranged that most of the light is reflected to the ceiling. About 
20 per cent. of it, however, passes through the lower part of the bowl, 
which is in the form of a disc and made of a flat plate of dense opal 
glass. In an ingenious way, also, light is made to escape above and 
around the edge of the disc, so that the outer part of the bow] is illumi- 
nated, thus avoiding the contrast glare produced by a dark bowl. 
Another good equipment is afforded by a type of fixture which is 
represented by the Sudan bowl; here there is indirect lighting also, 
but it differs in the fact that the entire bowl is made of dense opal 
glass. Excellent equipment of this kind is offered by a number of 
reliable firms. 

Both the indirect and semi-indirect are more expensive than the 
direct and the cost of maintenance is greater, usually, however, the 
results in lighting are superior and if conditions are favorable worth 
the difference in cost. If indirect or semi-indirect fixtures are used, 
arrangements must be made to clean the reflecting surface of the 
bowls at least once in three weeks in cities where there is much coal 
dust, and at periods of greater length in cleaner places. The fact 
that a 500 watt lamp kept clean serves amply in a room ordinarily 
requiring 600 watts is sufficient proof of this statement. If cleanliness 
cannot be maintained direct lighting is better, when it is so arranged 
that there is a frosted bowl beneath the lamp, both lamp and bowl 
being attached directly to the ceiling so that no dust can enter ib 

If indirect lighting is used, it is important to hang the lighting 
fixture far enough below the ceiling so that the whole ceiling is lighted. 
The proper distance from the ceiling for these units is usually 28 inches 
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from the ceiling to the top of the reflector. The ceiling is the secondary 
light source, and the larger the source the greater the uniformity of 
light, and the less the intensity of the shadows. The permissible 
distance between lighting units or lamps is 1514 feet; therefore, two 
such lights are necessary for each class room 24 X 82 feet, placing the 
lights in the middle of the area occupied by desks. 

Directions, no matter how carefully presented, may fail, but the 
photometer or foot-candle meter measures accurately in foot candles 
the degree of intensity of illumination at any point, and it enables the 
investigator to know whether the illumination is uniform or not. The 
cost of this instrument is approximately $25.00 and may be obtained 
from the Duplex Lighting Works or from any of the Mazda Lamp 
Divisions. Every school system should have a photometer, which 
may be easily carried about from one school to the other, and can be 
used to measure light furnished by any kind of lamp. 

A simpler and less accurate method of testing illumination effi- 
ciency is by the reading of diamond type at a distance of 20 inches. 
This the normal eye should be able to do without strain in every 
part of the school room. , 

Anyone having lighting problems can procure expert advice from 
companies manufacturing the Mazda lamp, all of which are licensed 
by the General Electric Company. Experts are supplied also by most 
other lamp manufacturers. These great concerns are of course 
interested in selling their lamp, but they seem also to be generally 
interested in the conservation of vision. 

The author is indebted to Mr. R. C. Close, through the courtesy 
of the General Electric Company, for most of the technical statements 
in regard to artificial lighting. She is also indebted to Mr. A. J. Dunn 
of Perkins, Fellows and Hamilton, Architects, Chicago. 
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SWIMMING POOLS 


The ideal swimming pool is out of doors in a natural depression 
of the earth, which can be made permanently available for the purpose _ 
by lining it with concrete 1 foot thick. It is desirable to cover the | 
concrete with white tiles, that the bottom may be more distinctly 
seen, but it is less necessary out-doors with strong light than in- 
doors. Such pools should, as a rule, be surrounded by a high wall. 
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As climate is usually prohibitive in the all year around use of swimming 
pools they are generally housed in gymnasia which so far as possible 
should be exposed to direct sunlight. For this reason the pool should 
be located in a wing built for the purpose, or in a court covered over 
with glass—never in a basement. nee 

An excellent presentation of their structure may be found in a 
book entitled ‘‘Swimming Pools.” This is in the form of an advertise- 
ment distributed by The Associated Tile Manufacturers of Beaver 
Falls, Pennsylvania, but it contains the essentials and is elaborately 
illustrated. Safety devices and other adjuncts are described in a 
booklet entitled ‘‘Gymnasium Construction” issued by the Narra- 
gansett. Machine Company of Providence, Rhode Island. 

The usual size of swimming pools is 20 & 60 feet; 25 75 feet being 
a favorite size for larger pools (Fig. 277). The size of swimming pools 
is important not only from the point of view of distance, but also 
because the bacteriological safety and the clearness of the water 
depend to a considerable extent upon the amount of water. Dilution 
of the organisms present is to be considered. 

The bottom of pools for the use of elementary children should be 
graded from 3 to 7 feet. Contrary to custom, two ladders should 
be provided at the deeper end, and one at the shallow end for 
pupils of this age. In modern pools the ladders are recessed in the 
wall. 

Perhaps the best device to rescue children from drowning while 
in the pool is the Shepherd’s Crook in the hands of the teacher. It 
consists of a long light pole to one end of which is fitted a hook large 
enough to go around the body. The length of the pole (usually 14 
feet) should be a little longer than half the width of the pool. 

Shower baths should be provided, as it is very important that 
the body be thoroughly cleansed with soap before entering the pool. 
Shower baths are very difficult to maintain in order. Elementary 
School showers require a mixing device for mixing hot and cold water. 
They should be arranged so that they can be operated simultaneously 
by an attendant. Shower mixers of the Leonard type are said to work 
admirably. For High School pupils, individual baths are used. The 
Niledecken mixer is manually operated and has a valve in each stall. 
This mixer is mentioned only because it is representative, there being 
a number of excellent mixers of this type on the market. Showers 
for both High and Elementary School pupils should be provided with a 
thermostatic valve which will regulate the temperature of the water 

automatically, but beside this, as has been said previously, there should 
be oe attendant whenever the showers are used by Elementary School 
pupils. 

Other adjuncts are toilets, a water fountain and an overflow trough 
which extends around the entire length of the tank, at the level of the 
surface of the water (Figs. 275, 276). Impurities that float on the 
surface are carried off by means of the overflow trough, and it serves 
as a cuspidor. It is very essential also to provide a sterilizer for the 
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bathing suits. The water of swimming pools is to be considered from 
two stand points, 7.e., clearness and freedom from contamination. 
Filtration maintains the former and disinfectants the latter. Both 
bacterial and much gross organic matter accumulate such, as hair 
threads, etc., not withstanding the most extreme care. Itis prachienly, 


impossible to keep water out of the swimmer’s mouth, therefore it 


should come from a supply that is known to be safe and the pool must 
be kept scrupulously clean. 
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Fig. 275.—A very common design Fic. 276.—Typical cross section 
of Ceramic Mosaic scum gutter with of reenforced concrete retaining wall 
a slightly protruding handrail of tile. for swimming pool, showing structural 
(Swimming pools. The Associated and waterproofing factors in diagram- 
Tile Manufactures, Beaver Falls, Pa.) matical form. 


When the pool is emptied it can be thoroughly scrubbed, or a 
vacuum cleaner can be uséd. The simplest method of keeping the 
pool in a sanitary condition, of course, is to fill and empty it daily, 
but a constant flow of fresh water requires the consumption of 104 
tons of coal per year in order to maintain the temperature at 70 degrees, 
or near it, which in ordinary school systems is prohibitive. A refiltra- 
tion plant does away with this excessive cost and keeps the water 
clear. 
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The importance of continuous filtration is shown in tests of Minnea- 
polis city water made before it was pumped into the swimming pool, 
when the number of bacteria per cubic centimeter was 14. After the 
first day’s bathing without refiltration there were 1,400 bacteria per cubic 
centimeter.* Comparing the physical results of both unfiltered and fil- 
tered water with fresh city water, it was found that filtered water after 
three months’ use was in better condition than unfiltered water after 
three days’ use. A point of safety for the bathers can be well secured 
by one initial filtration and subsequent treatment with calcium hypo- 
chlorite, using a freshly filtered tank of water every week, or with 
refiltration and treatment using the same tank of water for several 
weeks. Alum is the agent by means of which filtration is secured. 
As it has sometimes been found passing through the filter, it has been 
advised to pump the water through a coagulation basin before it 
enters the filter, thus giving time for reaction, flocculation, and coagu- 
lation in particles large enough to clog the filter, and raise the efficiency 
from the beginning (Fig. 278). After the initial filtration it is important 
to operate the filter continuously, otherwise the plant itself sometimes 
produces a stench indicating that the tank has become septic. If 
there is to be an idle period of several hours, the filter should be washed 
before the pump is stopped, and treated with calcium hypochlorite 
(seven parts to one million), or some other equally good antiseptic. 


Errect or TREATING THE FILTER WitH HyYPocHLoRITE 
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The first sample was taken from the wash water at the beginning of the washing- 


Most of the organisms found in swimming pools are saprophytic, 
but occasionally parasitic types are found. Of these the Bacillus 
coli and the typhoid bacillus are the most common. 

There is not only an occasional organism such as those already 
mentioned but there have been epidemics of both simple and Neisser- 
ian vulvo-vaginitis, of conjunctivitis, of ear and throat infections and 
of ring-worm. These organisms are discharged from the body in 
perspiration and in small coherent masses of saliva, urine, feces, blood, 
mucus and pus, which are not easily dissociated, thus protecting them 
SO that sunlight and drying have little effect. It is therefore necessary 
in selecting effective agents, to choose those that have strong oxidizing 
powers, such as the halogens or ozone, so that the mucus as well as 
the bacteria will be disintegrated. 

* Whittaker, H. A., igati immi iversi 
Minnesota, Jour. A. 7 Paes 25, me Pita Noglaeaiihe Valves 


t Stovall, W. D., and N ichols, M. 8., Some Factors in Swimming Pool Control, 
Journal of Infectious Diseases, xxi (Noyv., 1917), p. 484. 
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As an aid to filtration various agents have been used, ozone, the 
halogens, of which calcium hypochlorite is the best representative 
ultra-violet light, electrocide, and copper sulphate. Of these ozone, 
violet light and calcium hypochlorite are by far the most important. 
Wallace A. Manheimer* reaches the following conclusion in regard 
to oa and other substances used in the purification of swimming 
pools: : 

“Ozone when properly applied to the water of a swimming pool, 
effectively purifies the water. When one part of ozone per million 
parts of water is used, the result is sterile water. When half part 
ozone per million parts of water is used, a bacterial reduction of 99.8 
per cent. results, except when too great an excess of air is introduced 
with the ozone. A study of the cost of operation of the ozonator has 
shown that a current consumption of two kilowatts per day with 
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Fic. 277.—Swimming pool and filtration plant, Amer. Physical Education 
Review, vol. xx, No. 1. 


alternating current and of four kilowatts per day with direct current, 
plus one cent a day for calcium chloride, represents the total operating 
cost for a 60,000-gallon pool. This amounts to 11 to 15 cents a day 
for alternating current (at five to seven cents per kilowatt) and to 21 
to 29 cents a day with direct current. The cost of refilling the pool 
is at least $30. The use of the ozonator decreases the number of times 
the pool must be emptied to such an extent that the cost of the installa- 
tion is soon paid for. The application of ozone to the purification 
of swimming pools is automatic in control, reliable in action, and 
inexpensive in application. Accordingly, we recommend the considera- 

* The Application of Ozone to the Purification of Swimming Pools, Reprint 


No. 456 from the Public Health Reports (March 1, 1918), pp. 267-273); U. S. 
Public Health Service, Government Printing Office, Washington, D. C. (1918). 
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tion of this chemical as a standard procedure in the sanitary control 
immi olegis 

3 Dhounientcs tees of the ultra-violet light claim excellent results 
with it. It is used in a number of especially well equipped pools and 
it is not cumbersome. It is, however, expensive. ) 

If it.is not feasible to install an ozone or ultra-violet light plant, 
the next best agent is calcium hypochlorite. The average amount of 
hypochlorite used is one-half part per million parts. Ordinary com- 
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Fie. 278.—Approximate lay out for the re-filtration of a swimming pool. 
“Swimming Pools and Their Purification.’”’ Stricker, F.D.,M. D., Amer. Physical 
Education Review vol. xx, No. 1 (Jan., 1915), pp. 11-14. 


mercial hypochlorite of lime contains about 30 per cent. of available 
chlorine. On this basis a 100,000-gallon pool requires only one 
pound of treatment. The total annual cost of one treatment daily 
would be $7.30. There are two objections to the use of calcium hypo- 
chlorite: first, its unpleasant odor when sprinkled on the water or 
thrown into the pool; second, a danger that the filter may be stopped 
if the lime sludge is thrown into the filter circuit. The lime, there- 
fore, should be mixed with water in a pail, then filtered through cheese 
cloth into another pail, which in turn is dropped forcefully into the 
water, thus leaving very little of the chemical on the surface. There 
are also mechanical devices connected with the refiltration plant 
which automatically eject a hypochlorite solution into the tank. It 
has been found that a continuous flow of the solution is less efficient 
than a single daily dose. 


*See also Manheimer, Wallace, A., Reliability of Ozone in Swimming Pool 
Disinfection, Jour. A. M. A., Ixx, No. 26 (June 29, 1918), p. 1991. 

+ Crane, A. M., The Safeguarding and Care of the Indoor Pool, American 
Physical Education Review, xx, No. 1 (Jan., 1915), pp. 1-8. See also 
Manheimer, W. A., Methods for Disinfecting Swimming Pools, American Physical 
Education Review, xxii (Jan., 1917), p. 221. 


SWIMMING POOLS 1119 


; In guarding the public against infection from swimming pools it 
1s helpful to recognize the fact that the amount of water in the pool, 
the number of swimmers, and the variation in personal cleanliness 
and attire are great factors in determining the number of bacteria, 
as well as the necessity of closely watching the conduct of the swimmers 
while in the shower room and after-entrance into the water. 

Summary of Basic Principles for Pools and Swimmers* 

1. Maintain the water in the pool pure and clear, employing both 
refiltration and chemical disinfection. 

2. Have the pool well lighted; natural light by day, sunlight if 
possible. : 

3. Keep an attendant always on duty when the pool is in use. 
Prohibit admission at other times; allow no one to enter the pool alone. 

4. Maintain a strict supervision of the bathers, medical examina- 
tion if practicable, preventing persons with communicable diseases, 
such as purulent conjunctivitis, sinus trouble, vaginitis, impetigo, 

‘ringworm, otitis media, and infected tonsils from entering the pool. 

5. Enforce the scrubbing of each bather with the use of soap before 
entering pool. 

6. Prohibit all clothing (boys), or provide sterilized clothing. 

7. Surround the pool with an overflow trough, and prevent pollu- 
tion of any kind in or about the pool. 

8. Prevent visitors carrying dirt and disease germs on their foot- 
wear into the pool room. 

9. Do not have any obstruction in the pool, nor along the edge of 
‘the pool, nor adjacent to it. 

10. The water in the pool is purified and is safe for bathing pur- 
poses, but is not a drinking water; therefore bathers are warned against 
swallowing any pool water taken into the mouth. 

In the Elementary Schools of Cleveland it was found that 88 per 
cent. of girls and 45 per cent. of boys over eight years of age could not 
swim; and that 77 per cent. of girls and 34 per cent. of boys in high 
school could not swim. Dr. Peterson estimated that tomake swimmers 
of 18,500 boys and girls in Cleveland’s fifth and sixth grades it would be 
necessary to furnish twelve or fourteen pools. Each boy and girl 
would require six lessons. 

It is desirable to teach swimming after school and Saturdays. 
With two lessons given after school and three on Saturdays, with 25 
pupils in the tank at each lesson, this large number can be made 
proficient in swimming.{ 

Methods of swimming are clearly stated in an article entitled 
“Swimming in the Elementary Schools,” E. B. Koch, Amer. Phys. 
Educ. Review, Jan., 1915. - 

No one should enter the pool within an hour after eating. The 

* Crane, A. M., The Safeguarding and Care of the Indoor Swimming Pool, 


American Phys. Ed. Review (Jan., 1915). ; 
+ Peterson, E. A., To What Extent Should the Board of Education Furnish 


Facilities for the Teaching and Practice of Swimming? Amer. Phys. Ed. Review, 
News Notes (May, 1917). 
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average length of swimming periods is a half hour. For delicate 
children 15 or 20 minutes is ample, and in some instances too long. 
If the child’s teeth chatter and the lips are blue, especially if unusual 
signs of fatigue are manifested the following day, swimming should be 
postponed until enough vigor has been developed to make a quick 
reaction to water at 70 degrees possible. After the period, the body 
should be showered first with warm water followed by cold, with a 
vigorous rub at the end. 

The value of swimming exercises may-be summarized as follows: 

1. It allows a maximum amount of exercise with a minimum strain 
on the heart, because the body is in a horizontal position. 

2. Swimming on the back is a very good corrective exercise for 
round shoulders and hollow chest. 

3. The leg exercises assist in overcoming constipation. 

4, All the large muscle groups are brought into play as in no other 
form of exercise. 


VACATION SCHOOL 


The first vacation school experiment was made in 1878 by a clergy- 
man named Bion in Switzerland. This movement began in Chicago 
in 1896 and has since spread to other cities in the United States. It 
is so popular that applications for membership far out distance 
accommodations. * 

In the slums of large cities school authorities are practically forced 
to keep open school during the vacation as Juvenile Court records 
show increased activity during the summer months. Children are 
much happier in school and certainly much safer morally than when 
left to their own direction on the streets. Vacation schools provide 
a@ minimum of the usual school activities substituting art, basketry, 
manual training and woodcraft, dramatics, gardening, nature study, 
physical training, swimming, and expeditions to near country places 
or parks, ete. The summer school is a most excellent place to provide 
study derived from objective projects which give the child constructive 
material based upon activities presenting endless interest (see article 
on the Kindergarten). 

The country outing movement is extremely important in furnishing 
a healthful change of environment for all city children living in con- 
gested districts: Children are taken to homes in rural communities 
or i large camps in the country where they stay from two to four 
weeks, 

Studies by Ellsworth Huntington of Yale University in the relative 
efficiency of work among factory employees and college students 
during different months of the year show that industrial and intellectual 
production is at its lowest during the last weeks of J anuary and during 
February and March.t The open air school at Charlottenburg near 


fs Kingsley and Dresslar, Open Air Schools, Bulletin No. 23 (1916), Department 
of the Interior, Bureau of Education, Washington, D. C. 

tN orbury, F. B., The Mechanism of Exhaustion, Illinois State Medical 
Journal, xxviii, No, 1 (July, 1915), : 
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Berlin has adopted the months of January, February, and March as 
their vacation period, doubtless for reasons of economy and adapta- 
bility to inclement weather. 

If further studies show this to be a general biological fact, mid- 
winter vacations may eventually be delayed until January and then 
prolonged, and summer vacations shortened, with benefit to the entire - 
school community. 


VACATION CAMPS 


Vacation Camps can be found in all quarters of the United States. 
They are rapidly becoming popular and justly so, because if properly 
conducted they not only afford ‘‘life in the open” but an opportunity 
to achieve. At the present time 500,000 boys in the United States 
visit vacation camps in the summer. 

“Essentials for a good camp are good drinking water, a body of 
water for aquatics and fishing, a body of woods for roaming, hunting 
and wood construction, an open field, sleeping accommodations, tents, 
cabins, good drainage, proper sanitary equipment, beauty of location, 
seclusion which allows a free dress and manner of living, discipline, 
allotments of labor, privilege and freedom, camp fire, good food and 
' plenty of it, suitable clothing with which to rough it and be comfortable, 
communication with civilization, sufficient rest, and enough interests. ’’* 

The more elaborately equipped boys’ camp provides athletics 
including baseball, indoor baseball, tennis, track athletics, volley ball, 
etc.; water sports including swimming, water games, rowing, canoeing, 
etc.; canoe, camping and fishing trips which last several days and 
manual training, wood craft, photography, first aid, music, tree 
clubs, and tutoring if desired. The girls’ camp provides horseback 
riding, bowling, archery, candy making, nature study, and corrective 
gymnastics, besides some of the more vigorous activities of the boys. 

Both Forbush and Ernest Thompson Seton have taken groups of 
boys into the woods with very little equipment except a few tools and 
the minimum of provisions. It makes boys much more self reliant 
and observing if they are thrown upon their own resources. Boys and 
girls who have had the splendid training afforded by the Boy Scout 
and Camp Fire Girls movements are already trained to get the best 
of such summer expeditions. J. E. Russell, Dean of Teachers College, 
Columbia University,t regards the Boy Scout movement as the 
greatest educational agency in the world. 

In Germany, children are taken in small groups on vacation 
‘hikes’? which are thought to be even. more beneficial than camp 
life.t Probably the most important feature of camp life and of 
the various out-door organizations under consideration is the per- 
sonnel of the teachers, especially of the men and older boys who 


* Robinson, E. M., Y. M. C. A., in Forbush (“Play’’). 

7 Teachers College Record (1917). 

{ Selter, H., “Gesundheitspflege des Kindes,” Kruse und Selter. 
Vou, I—71 
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have charge of the small units of which the group is composed. The 
character of one fine young fellow with some of “the hero’ ’ in him 
often changes the entire conduct and point of view of his unstable, 
immature charges. 


SCHOOL KINDERGARTENS OR VORSCHULE 


These are special schools which provide means for building up the 
health of the anemic, rhachitic, scoliotic, poorly nourished and under- 
developed children who are presented for the first time for school 
entrance. Methods of life are revolutionized upon school entrance, 
confinement being substituted for freedom, and intensive social rela- 
tionships for a relatively isolated environment. Therefore it is found 
that most delicate children lose weight, height and muscular develop- 
ment during the first year of school life.* It has also been found that 
there is considerable relative increase in sickness during this year. 

The proportion of children requiring the care of the school Kinder- 
garten is approximately 10 per cent. Of this number there are 
58.5 per cent. anemic, 9.0 per cent. poorly nourished, 60.0 per cent. 
rhachitic, 24.5 per cent. scrofulous.t 

Without such care, children excluded from school return to unhy- 
gienic homes, thus still further increasing ill health and retardation. 

The gain from care in these schools is most gratifying. There is 
an increase in weight of from 2.9 to 3.15 kg., and in height an average 
increase of 10.5 cm. (Kruse und Selter). 

The equipment is practically that of a Kindergarten Open Air 
School with sand piles and gardens and ample out-door space for play 
with quarters for daily rest. Bread and milk is furnished in liberal 
quantities and is an important item in the improvement secured. 
Children are not kept over night but remain in school from an early 
morning hour to late afternoon. 

“Tf the hygienist could have his way the first year or two of school 
life would be a Vorschule, in which the teachers would be hygienists; 
and the aim for this year would be to determine the child’s stage of 
development, his physical resources, his physical defects and as far 
as possible to remedy these defects. ’’t 


SUMMER COLONY SCHOOLS 


Summer colony schools were started in Italy in 1853. This was 
really the first open air experiment. At present many types of open 
air schools are carried on there. Italy has the great disadvantage of 


“Schmidt Monnard in H. Selter, “Handbuch der Schul-hygiene,’’ Dresden 
Steinkopf (1914), p. 362; Aurisfeld in H. Selter, “Handbuch der Schul-hygiene ” 
Dresden, Steinkopf (1914), p. 363. 

} Kruse und Selter, “Gesundheitspflege des Kindes,”’ pp. 320-321. 

{ Burnham, W. H., A Health Examination at School Entrance, Journal 
American Medical Association, lxviii, No. 12 (March 24, 1917), 
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old unhygienic school buildings. To compensate for this she has a 
mild and beautiful climate of which her educators take advantage. 
““A folding portable combined desk and chair has been the special 
feature of the Italian contribution to the successful handling of the 
open air school problem.’’* This makes teaching possible anywhere, 
indoors or out of doors. Journeys of some length are taken and the — 
class rests whenever desirable. From this fact some of the schools are 
called “Traveling Open Air Schools.” 

Years before the day of the open air school in France, ‘‘Grancher 
had put into operation his splendid plan of preserving the seed corn 
of the nation by sending the delicate children of the tuberculous poor 
into families of healthy peasant stock.”+ The first open air school 
in France was founded in 1904 at the entrance of the forest of Fontaine- 
bleau for children from the slums of Paris. This was under private 
auspices. 


OPEN AIR SCHOOL 


The Forest School is not for children with open tuberculosis but for 
mild cases of closed tuberculosis and for children suffering with anemia, 
malnutrition, rickets, convalescent chorea and milder forms of 
nervousness. 

The first forest school of considerable size and distinction was 
located at Charlottenburg near Berlin. The movement elicited the 
combined efforts of at least half a dozen municipal and private agencies 
and many individuals and in 1904 the school was opened. It has been 
a great success and a model for many other open air schools. In 
1907 England launched an experimental open air school in Bostall 
Wood near London, and in 1911 the United Kingdom set aside $500,000 
for grants to sanitarium schools for children suffering from pulmonary 
or surgical tuberculosis. England provides open air school facilities 
which vary to meet the needs of different types of delicate or sick 
children. One type of residential sanitarium open air school accommo- 
dates cases of pulmonary tuberculosis, another surgical tuberculosis, 
still another delicate children. Six or more open air day schools are 
provided for light cases of pulmonary tuberculosis, eleven or more for 
delicate children. Besides this there is a strong movement for open . 
window schools and for play ground classes for normal children both in 
the city and in the country. 

In the United States, Providence in 1908 was the first city to adopt 
open air methods of education for its delicate children. In 1909 
Chicago ‘established an open air school on the roof of Mary Crane 
Nursery in a densely populated and poverty stricken district. This 
school, is in the Hull House group of buildings. : ; 

Open window rooms supplied with additional steam coils by 

*Upton, S. M. H., Open Air Schools, Teachers’ College Record (May, 1914). 

+ Kinsley, 8S. C. and Dresslar, F. B., Open Air Schools, Bureau of Education, 
Washington, Bulletin No. 23 (1916). 


1124 HYGIENE OF THE SCHOOL AGE 


means of which the room temperature is maintained at 60° or 65° 
have been substituted for open air rooms in Chicago. 


Fia. 279.—One of Japanese open air classrooms. (Phoebe Anna Thorne School, 
Bryn Mawr College.) 


Delicate children in the United States are cared for in two kinds 
of open air schools. 


aa 


3 : * 


Fie. 280.—Outdoor classroom on roof of public bath building in N 
showing ordinary windows made with three sashes. 


ew York, 
First, schools which are located entirely out of doors, 7.e., in shacks, 
as in Springfield, Massachusetts ; in finely constructec 


1 buildings as in 
the Phoebe Anna Thorne Open Air Model School for Girls, Bryn Mawr, 
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Pennsylvania (Fig. 279); in tents as in Baltimore, on the roofs of school 
buildings as in the Horace Mann School, New York City (Fig. 290); 
on roofs of public bath houses as in Chicago, and in discarded feng 
boats as on the East River, New York City. 

Second, open air rooms located in school buildings (Fig. 283). 
These are found in almost all large cities. 

European municipalities have placed such schools in the forests 
wherever possible. Thus far the United States has been contented 
with open air facilities in congested districts. 


~~ 


Fic. 281.—Rest period, Elizabeth McCormick Opentan Sahool on the roof. 
(S. C. Kingsley, in “Journal of Out-Door Life,” 1916.) = 


Sites for Open Air Schools.—Ideally, a natural forest in some 
accessible place, yet out of the main currents of modern life, offers 
the best situation for schools of this character. Naturally the problem 
of transportation must be met if such sites are’to be utilized. Hill 
tops, low, dark, poorly drained valleys, ungrassed dusty districts are 
to be avoided. 

The main features are the following:* Class rooms are situated 
preferably on the east or west sides of the building. The rest room on 
- the south, kitchen, dining room, showers, doctor’s office, and toilets 
on the north. . 

Desks should be placed so that the light may be received from the 
left. Chairs should have solid backs to protect the children’s backs 
from the cold. Inthe Phoebe Anna Thorne School at Bryn Mawr the 
seats and backs of the chairs have twice the usual width. Most open 
air schools have portable furniture. Children in the Ethical Culture 
open air classes frequently shift their chairs from one part of the roof 


* For description of architectural plans see Kingsley and Dresslar, Open Air 
School, Bureau of Education, Washington, D. C., Bulletin No. 23 (1916). 
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to the other, depending upon the sun, wind or rain. Children should 
be exposed to the direct rays of the sun as far as possible, care ee 
taken to protect their eyes though it has been shown that eyesight 
does not suffer injury in open air schools.* . 
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Fie. 282.—“For we have fresh air that gives us cheeks like the rose. 


Elizabeth McCormick Open-air School. (S. C. Kingsley, in “Journal of Out- 
Door Life,’”’ 1916.) 


Fra. 283.—Type of fresh-air room required in all new school buildings in New York 
City. The windows open and close on ratchets and are easily controlled. 


Heating.—The aim should be to keep the room temperature about 
50 degrees or between 50 and 60 degrees. Man’s greatest mental 


* Teachers’ College Record (May, 1914), p. 32. 
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efficiency is maintained at a temperature of 38 degrees his greatest 
physical efficiency at 60 degrees.* Low temperatures give the best 
results if children are warmly dressed and wellfed. If heatisintroduced, 
care must be taken to keep the windows open and the air fresh. 

The heating and ventilation of open air rooms depend upon the 
window equipment of the room. If windows are confined to one side 
they may be fully opened and yet afford very poor ventilation when 
the wind is on the windward side. Cross ventilation occurs when 
windows are opened on opposite sides. There is usually an effort to 
avoid this on account of drafts. Windows of two or three adjoining 
_ sides may be opened beneficially where the wind is not too strong. If 
air enters the open air room from windows on only one side in a school 
otherwise using the plenum system, cross ventilation disturbing 
the rest of the school may be avoided by placing a reheating radiator: 
in the wall of the open air room at the base of the incoming flue. 
As the resistance of the ducts at the base of the flue just before it 
_ enters the room is much reduced when the heated air rises from the 
wall radiator into the room, it happens that even if the windows are ~ 
opened, very little if any effect on other rooms is communicated back 
through the flues, heaters, etc., because the pressure on the main duct 
is maintained at a higher point. Of course, continuous suction of 
foul air occurs at the outgoing duct.t 

The best windows for open window rooms are in three sections with 
horizontal pivots. By this type of window, entering air can be directed 
upward and the quantity controlled. Windows are also placed in the 
roof of the Horace Mann School, providing more sunlight. ‘ 

The floor is an important feature in open air rooms as the children’s 
feet may become so cold as to endanger their health. Floors should be 
of wood, covered with linoleum and the sides of the room should be 
boarded in to a height of 3 feet. 

Equipment.—Most open air schools provide sleeping facilities for 
a nap at noon time. The best cots are those in use by the Elizabeth 
McCormick Memorial Fund. They are 5 feet 2 inches long and 28 
inches wide, reinforced by strips of heavy canvas across the points of 
greatest wear and at the corners. They can be folded at the head 
and foot into a compact form so that they can be easily stored. 

Clothing —The home clothing worn by children in open air rooms 
should be largely of wool. Heavy extra sweaters should be provided 
and toboggan caps. An “Eskimo outfit” is obtainable which consists 
of a two-piece pajama suit with hood, made of heavy blankets, 70 x 80 
inches in size. The Horace Mann School has adopted ‘‘The Parka” 
—a long-hooded coat made of very closely woven khaki. ‘This is very 
light and pliable and is wind proof. The children wear a lumberman’s 
boot or a fleece lined, sheepskin boot. Sitting out bags are made of 


* Norbury, Frank P., Illinois State Medical Journal, xxviii, No. 1 (July, 1915), 
p. 4. ’ 

+ Lewis, Samuel, unpublished notes. Courtesy of Mr. Dwight H. Perkins, 
Chicago. See section on School Ventilation. 
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heavy blankets and are protection against cold feet. Boxes filled 
with straw for the feet also afford some protection against the cold. 
Warm gloves should be worn even while writing as cold hands are — 
a menace to health. 

For cost of the outfit apply to the Elizabeth McCormick Fund, 
Chicago. It includes the cap, sweater, gloves, Eskimo outfit, over 
boots, sitting out bag, sleeping bag, sleeping cot, two Turkish towels, 
(if shower baths are given), tooth brush, comb, hair brush, nail-file 
and thermometer, kitchen and dining room furniture, scales for weigh- 
ing the children, etc. For the cost of separate items consult also 
Kingsley and Dresslar, Bureau of Education, Bulletin No. 23 (1916), 
“Open Air Schools. ’’* 

Economic Conditions of Pupils.—Of 620 open air school children 
‘in different cities 42 per cent. were diagnosed as tubercular and 52 
per cent. were suffering from anemia and malnutrition. A study 
made in the years 1913-14 (funds to parents department of the Cook 
_ County Illinois Juvenile Courts) concluded that an income of $875.00 | 
per year was necessary to maintain a family of five or six in a state of 
physical and moral efficiency. (It is nearer $2000 per year at the 
present time.) A questionnaire sent by the Bureau of Education to 
Open Air Schools in 1913 shows that 38.7 per cent. of 371 Chicago. 
families had an income of less than $75.00 per month and that the 
average number of pounds below weight was 8.66 per child.+ 

Lunches.—It has been found that the poor suffer from a lack of 
protein and fat and that the average ration of school children at home ~ 
‘in an Italian district is 450 calories. It is calculated therefore that in 
order to bring the food supply up to normal, 1,000 calories must be 
supplied through the day at school, half of this being fats and proteins. 
In most schools there is a morning lunch consisting of cereal or bread 
and jelly and milk and a noon dinner of meat, potatoes, one vegetable, 
bread, milk and a simple dessert. The average individual cost for 
large groups is 14 to 15 cents per day (see section on school feeding, 
p. 928). I. O. Woodrufft found that children in open air schools 
gained without extra feeding, probably due to an increase of appetite. 

HeaJth Precautions.—Anemic and poorly nourished children chill _ 
easily. This must be overcome either by external heat or by gym- 
nastic exercise. If a cold child is allowed to go into a warm room for a 
few minutes his extra outdoor clothing should be removed, otherwise 
he may develop bronchitis. Foot warmers and soap stones are harmful. 
Gymnastic exercises of special value here are story plays involving 
deep breathing, arm and leg throwing.§ Children of the poor who have 
coffee and alcoholic drinks at home, fare badly in open air schools. 
There is an alarming pulse rate, fever, sleeplessness and restlessness. 


* Ayres, L. P., “Open Air Schools.” 

t Kingsley and Dresslar, “Open Air Schools.” 

t Fresh Air Schools in New York City, Fourth International Congress of 
School Hygiene, p. 80. 

§ See Physical Training for the City Schools of Michigan, Teachers’ College 
Record (May, 1914), ete. 
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The education of the mothers in regard to these matters therefore 
becomes imperative. 

Colds contracted by open air children are severe and prolonged. 
Thin clothing, constipation, exposure to cold after a hot bath, inactive 
skins from infrequent bathing and sleep in unventilated rooms, all 
predispose to colds. Adenoids and enlarged tonsils are more signifi- 
cant under open air conditions. It is said that singing in the open 
air injures the throat. 

Health Observations.—The most rapid gain occurs in the first 
month. A disproportionate increase continues, however. ‘The gain 
in hemoglobin is lost after the first increase, this being true both in 
open air and artificially ventilated schools. 

Health Supervision.—(See section on medical examination, pp. 
919-927.) Medical examinations complete or partial are conducted 
four times a year in the open air schools and include the usual items; 
adenoids, tonsils, glands, etc., with the addition of weight, height, per 
cent. of hemoglobin, and examination of the chest stripped, with espe- 
cial thought of the possibility of tuberculosis. The von Pirquet 
tuberculin test is used in doubtful cases and not infrequently it is 
repeated. Weight and body temperature in these cases are carefully 
watched and recorded. Physical defects thus found are followed up 
by the nurse and rectified. 

The children are selected by the medical supervisor who inspects 
class rooms and chooses from them suspect tuberculosis cases, choreics or 
children nervously unstable, children who have a record of many ab- 
sences from ill health and anemic and poorly nourished children. 

The daily routine of the medical inspector begins at 9:30 after the 
nurse has recorded temperatures, the pulse, and respiration. His 
duties are: 

1. Conference with the principal on all questions that have a 
bearing on health, including absences, transfers, complaints, etc. 

2. Conference with the nurse in regard to new developments. 

3. Examination of children suspected of having infectious diseases. 
Throat cultures if necessary. 

- 4. Conference with the teachers concerning indifferent or irritable 
children. ' 

5. Oversight of ventilation, temperature, odors, etc. 

6. Inspection of thermostats and outlet ducts. 

7. Oversight of clothingas to the amount in relation to the 
weather. 

8. Recommendations for-children with fever, for fatigue, for colds 
(isolation and rest). 

9. Recommendations for the amount of school work and general ~ 
routine. . 

The school nurse notes all the above conditions and reports to the 
physician all home conditions that have a bearing on the case. 

The teacher notes temperature, ventilation, the adjustment of 
windows and screens, the clothing of the children in relation to cold 
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and dampness, and all symptoms which may be produced by physical 
defects or infectious and personal habits. 

With a very few exceptions experimenters with open air and open 
window schools are satisfied as to their value. D.C. Bliss of Mont- 
clair, N. J. (Pedagogical Seminary), however, made a study of the 
height, weight, fatigue, and number of absences of children in open 
window and control groups and found that the children of the control 
groups made more consistent gains, were absent very much less and 
showed no more fatigue than children in the open window rooms. He 
attributes it partially to the excellent ventilation installed in the 
Montclair schools. The foreign, the New York, and the Chicago 
experiments showed a marked difference in result in the two types. 
An interesting and careful study by Dr. S. Josephine Baker* on 
“Class Room Ventilation of Respiratory Diseases among School 
Children”? was undertaken with 5,533 pupils in 76 class rooms in 12 
schools, operated under three types: (A) Cold (50 to 60°F.) open win- 
dow class room, ventilated by naturalmeans. (B) Moderate tempera- 
ture (60 to 70°F. averaging 68°F.), ventilation wholly by open 
window. Some rooms with gravity exhaust ducts, some not. Window 
reflectors used. (C) Temperature averaging 68°F., ventilation by 
plenum fan, windows closed. Her conclusions were: (1) That with 
plenum ventilation (type C) the rate of absences from respiratory 
diseases was 32 per cent. higher than in type B with open windows 
and 40 per cent. higher than in type A with open windows and a 
temperature of 60 degrees or less. In type C, the rate of respiratory 
diseases among pupils in attendance was 98 per cent. higher than in the 
open window (type B) and 70 per cent. higher than in type A. 

Many of the school architects are looking forward to the day when 
most of the school work will be done in the open air. Teachers are a 
unit in testifying to the increased alertness and freedom from fatigue 
and disorder, finding it a benefit to themselves as well as to the children, 
In view of the Montclair experiment final conclusions can not be drawn 
until more control experiments of a similar nature are made because 
the general advantage of small groups, rest, extra feeding and freedom, 
without fresh air may produce similar results. 


SUMMARY 


Until the last five years stress in school hygiene, even under the 
most auspicious circumstances, has been placed upon the prevention of 
communicable disease, with more or less desultory physical examina- 
tion. As the field stands in review there are some phases which appear 
' to be particularly constructive and indicators of future advance: 

1. The correction of physical defect, especially as it relates to 
focal infection and the conservation of vision. 

2. Nutritional diagnosis and treatment. 


* Bureau of Child Hygiene, Department of Health, New York City, Reprint 
Series No. 68 (Feb., 1918), ; 
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3. Training in hygiene, physical habits—such as the care of the 
teeth, hours of sleep, cleanliness, open windows, posture, etc. 

4, Training in economic and productive mental habits. 

5. Training in physical education. 

Among older children, the secret of success depends upon the — 
. ability of the teacher to secure codperation. If the intelligence of the 
child is evoked, if he sees his problem as a social problem, if an appeal is 
made to his responsibility, if he himself becomes a health teacher—if 
he is consciously such—then it becomes a matter simply of holding 
him back. He will be enthusiastic about his own hygiene, and quite 
possibly somewhat too aggressive in regard to the hygiene of his neigh- 
bor. Among younger children school nurses, dental hygienists, and 
nutritional workers are accomplishing great things, and are doing it by 
charting the individual child’s progress, by drilling him in personal 
‘health habits, by health exhibits in which he has an important part, 
‘by making him a monitor of room. temperature, of school mats, of 
school yards, school sidewalks, and of school dust—in short, by apply- 
ing the great educational principle of John Dewey, “Learning by 
Doing.” 


CHAPTER IX 
HYGIENE OF INFANTS IN GENERAL 


By Watter REEVE Ramsey, M.D. 


St. Paur, Minn. 


Prenatal Care. Protection of Mother and Fetus During the Period 
of Gestation.—The old idea that the life of the child begins at birth 
and that its physical and mental development dates from that period 
is no longer tenable. 

The relation between mother and fetus is so intimate during 
intrauterine life that the future of the infant, is often decided during 
the first months of pregnancy. This interdependent relation contin- 
ues not only until the birth of the child; but in a measure during the 
period of lactation. 

It is a question, therefore, of great moment how far improper 
nutrition, illness, body defects, occupation, etc., of the mother are 
capable of influencing the proper development of the fetus. 

It is difficult, in most cases impossible, to determine with any 
degree of accuracy the effects of these influences. The most that can 
be done is to take certain influences, the effects of which can be 
accurately measured, and then base our opinion upon them by analogy. 

A consideration of the hygiene of the infant should extend far 
ahead of the beginning of fetal life and might properly include the life 
history of the parents and grandparents. 

It should be apparent that the least that can be taken for granted, 
is that both the father and the mother be healthy individuals in the 
broadest sense of the term in order to have a fetus develop normally 
and that after conception, the health of the mother be maintained 
at as high a point as possible. 

So many factors enter into the question of what is normal and what 
abnormal, particularly as concerns the environment, food, occupation, 
mental attitude, etc., of the mother that it is difficult to be arbitrary 
in deciding them, as it not infrequently happens that what would be 
normal for one woman would, under other conditions, be abnormal for 
another. We shall, therefore, discuss the known conditions relative to 
the mother, which directly affect the fetus, and in as far as possible in 
the order of their frequency and importance. 

Improper Nutrition By this is meant a condition in which, with- 
out any definite pathological entity, the general physical status is 
below par. The woman is pale; hemoglobin below normal; the muscles 
flabby. She is easily fatigued, and not infrequently there is also an 
accompanying mental depression. 

1132 . 
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This condition of malnutrition not infrequently exists before con- 
ception and naturally with the added demand upon the system will, if 
not corrected, grow progressively worse. 

The causes of malnutrition in the mother are usually not difficult 
to determine. 

One of the most common causes of malnutrition in the young 
married woman may be found in the festivities of the prenuptial 
period. Excitement, over fatigue, loss of sleep, improper and excessive 
food frequently lay a proper foundation for a period of invalidism 
throughout the gestation period. 

Food.—Improper and insufficient food is one of the most common 
causes of malnutrition. This is true particularly among the working 
classes, where the girls work in factories up to the time of their mar-_ 
riage and where there is lack of knowledge of food values and food 
preparation. 

That a course in food values and food preparation should be given 
to the girls of every upper grade school there is not the faintest doubt. 

During the entire period of gestation, proper food and proper 
elimination go hand in hand. It is not only necessary that proper 
food and sufficient food should be eaten, but the proportion and charac- 
ter of the food must vary in the individual case. 

Sufficient amounts of coarse food, such as vegetables and coarse 
bread, should be eaten to keep the bowels regular and free. Constipa- 
tion, and the consequent autointoxication attending it, are undoubt- 
edly fertile causes of malnutrition in the pregnant woman. Further 
elimination of waste products should be increased by proper amounts 
of water, drunk preferably between meals. 

Excessive meat should be avoided as it tends to derange the di- 
gestion and greatly increases the elimination of nitrogen. 

Alcohol should be excluded from the diet of pregnant women and 
coffee and even strong tea should be drunk sparingly. 

Housing.—Bad housing conditions is another fertile field for the 
production of malnutrition. The home of the prospective mother 
should be comfortable, sunny and well ventilated. Sleeping in small 
rooms with the windows and doors closed, resulting in improper area- 
tion of the blood from bad air, cannot fail to have a deleterious effect 
upon the fetus. 

Occupation.—Occupation is an important factor in the nutrition 
of the mother and fetus. 

In my work in France among the women and children I found that 
when the women worked in factories up to, or nearly up to, the time of 
their confinement, the mortality among the infants often reached 50 
per cent. in the first weeks. It was found that when the women lived 
in the country and worked in the homes, or on the-farms, the mortality 
among the infants during the first weeks was scarcely above 85 per 
- 1,000 births, although the work was perhaps quite as hard, and the sani- 

tary conditions under which they lived were quite on a par with those 
in the city. 
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If these women were taken out of the factories a month before their 
confinement and given proper rest and good food, their physical 
condition improved rapidly, with the result that the babies were born 
vigorous, the mothers were able to nurse them, and the mortality was 
reduced to a minimum. 

The most ideal occupation for a pregnant woman is the ordinary 
duties of the household. She should perform her duties leisurely and 
should not be on her feet but a limited part of the time. She should 
spend an hour or two during the middle of the day in the recumbent 
position, and during the last weeks it may be necessary, if there ismuch 
disturbance of the venous circulation in the lower extremities (varicose 
veins), to spend much of the day in a sitting posture with the feet 
elevated. ‘ 

Occupations which necessitate long periods being passed in stand- 
ing or even sitting in cramped positions or where the air is charged with 
foreign substances which act as an irritant to the respiratory tract 
should absolutely be prohibited. 

On general principles the state should prohibit pregnant women 
from working in factories except under the most favorable conditions. 

It would be much better to give women, where they are dependent, ~ 
sufficient pension to keep them in the home and proper employment 
should be furnished for them there. 

Exercise.—Exercise is, however, of vital importance to the health 
of both the prospective mother and fetus and should be maintained up 
to the last days, whenever possible. Riding about in an automobile 
does not take the place of walking. 

Mental Condition.—The mental condition of the pregnant woman 
probably exercises some influence upon the well being of the fetus. 
Just how much there is, if anything, in Maternal Impressions it is 
impossible to say. It would seem logical, however, that in the inter- 
est of both, the mental condition of the prospective mother should 
be tranquil and happy. She should avoid exciting plays and literature, 
and coitus should be avoided during the first and last months of 
pregnancy. 

Physical Defects.—Many of the conditions which result in injury 
and death to the fetus are frequently directly dependent upon physical 
defects in the mother. Of these perhaps the most common are those 
of malformations and malpositions of the uterus. Malposition of the 
uterus, particularly retroversion, is a common cause of abortion in the 
early months of pregnancy. 

Malformations of the uterus, such as bifurcation, are not rare and 
often result in the expulsion of the fetus before term. 

Deformities of the pelvis as the result of rachitis and tuberculosis 
are perhaps the most common causes of injury and death to the fetus 
during parturition. d 

Changes in the normal diameter of the pelvic ring are not so 
necessarily fatal to the fetus since the technique of Cesarean section 
has been perfected, together with other surgical technique now prac- 
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ticed by skilled obstetricians. These operations result in the saving of 
a majority of infants who were formerly sacrificed. 

‘Tight lacing, thereby deforming the chest wall and crowding the 
abdominal organs out of their proper positions is still a source of danger 
to the fetus, but certainly whatever other delusions women may have 
regarding dress this one fortunately seems to have passed, at least for 
the time being, and we hope for ever. 

Iliness.—All forms of illness, both acute and chronic, react more or 
less directly upon the fetus. Many of the acute contagious diseases 
such as Diphtheria, Scarlet Fever, and Measles, may run their course 
and recovery of the mother take place without any apparent injury 
to the fetus. Abortion, however, is common and if the disease is at all 
severe the fetus is liable to show the results later even if it is not 
apparent at birth. 

Such diseases as whooping cough are particularly liable to produce 
abortion and the experience with the recent epidemic of Influenza 
(Flu) has demonstrated it to be most fatal both to mother and fetus. 

Exposure to all contagious diseases should, therefore, be carefully 
avoided by pregnant women. They are particularly liable to 
infection and if infected, they run great chances of paying the penalty 
with their lives, or at least with the life or normal development of the 
unborn child. 

Any inflammation of the uterus or tubes (metritis, endometritis, 
salpingitis, ovaritis) is apt to injure the fetus in some manner and 
expulsion is liable to occur before term. The one disease, however, which 
is responsible for more injury to the fetus and for more still births and 
abortions, as well as constitutional defects following birth at full term, 
than any other is syphilis. 

Another common condition often interfering seriously with the 
nutrition, and sometimes the life of the fetus, is the persistent vomiting 
of pregnancy. It is not an infrequent occurrence that this condition is 
allowed to go on for months without treatment, the family believing 
that there is nothing to be done. 

Uremia is another frequent source of injury or loss of life to both 
mother and fetus. The uremia may result from over taxation of the 
kidneys which are already diseased, or perhaps more frequently from 
an acute nephritis resulting from an over-taxation of the kidneys by 
toxic substances. 

The urine of pregnant women should be examined regularly at least 
once monthly during the entire period of gestation and should continue 
to be examined daily for a considerable period after confinement as 
uremia not infrequently follows some days, or even weeks, after 
delivery. 

Abortion.—There are certain conditions which definitely pre- 
.dispose to abortion. There are, however, many other conditions which 
are responsible, directly or indirectly, for the death or expulsion of the 
fetus before term which are impossible to determine. 

Ohlfield assumes that 20 per cent. of all pregnancies end in a pre- 
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mature expulsion of the fetus. It is probable that in a large number of 
cases the fetus is expelled in from one to three weeks or during the 
following menstruation, and this without the knowledge of anyone. 
This may occur with, or without, the intervention of anyone in a 
criminal manner. As to the frequency of abortion the following table 
has been prepared by Agnes Bluhm, in 100 cases: 
3.34 during the first month 
25.94 during the second month 
43.51 during the third month 
14.64 during the fourth month 
6.69 during the fifth month 
- From this it would seem, as has been generally believed, that the third 
month is particularly favorable for abortion. It is the general experi- 
ence among physicians that after the third month the pregnancy is 
more liable to continue to term. 

Of all illnesses which affect the mother, syphilis is by far the most 
frequent cause of abortion. With the Wassermann reaction and the 
early possibility of treatment the record for miscarriages becomes less 
and less, with a fair chance of a normal and apparently healthy fetus. 

Other illnesses which frequently produce abortion are Malaria 
pheumonia, colitis, ete. 

Many abortions are produced by mechanical means, hard muscular 
work, in which there is much body motion and jarring. 

In 100 confinements in workers, Hirchberg found 9 premature 
births in sewing women, 12 in stone cutters and 16 in washerwomen. 

Cohabitation should be interdicted, especially around the second 
and third months, and more particularly amongneuroticwomen. Psy- 
chic disturbances are common causes of abortion. Sudden fear and 
sometimes great excitement may produce sudden contraction of the 
uterus and dislodgment of the fetus and placenta. 

Malpositions of the uterus, especially retro-flexion, is spoken of by 
many authors as a common cause. The shaking incident to auto- 
mobile riding (not spoken of) is undoubtedly a common cause. 

The jarring from severe cough in bronchitis and especially in 
whooping-cough. In all such cases codeine or other opiate should be 
used at once. 

The frequency of criminal abortion is unfortunately very frequent 
in this country where statistics are often undependable and there is 
often no way of reaching an accurate estimate. According to Doleris 
50 per cent. of all abortion cases coming to the gynecological clinic are 
criminal. . 

The means employed and the necessity for secrecy result in a 
large proportion of women doing the abortion themselves, or in having | 
it done by professional abortionists who are themselves incompetent 
persons. This results in a large number of deaths from sepsis. : 

Eclampsia is of course a frequent cause of abortion, resulting in a 
large mortality to both mother and child. In cases of eclampsia, the 
best treatment for the mother (narcosis) is frequently fatal to the 
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child. Cesarean section probably offers the best chance for the child 
and also the mother in many cases, especially in skillful hands. 

The diet of the mother in these cases is of greatest importance. 
It is found in cases of eclampsia that there is a marked retention of 
chlorides in the blood. It is probable that the albuminous foods also 
are a big factor. 

Placenta Previa.—Another cause, not frequent but often fatal to 
both mother and child, is placenta previa. In this condition as high 
as 52 per cent. of the infants are born dead. This in skilled hands, 
and in unskilled hands the percentage of deaths is probably much 
higher. 

Prolapse of the cord. According to Sconzone the mortality of 
infants in which this occurred was 55 per cent. out of 743 cases. 

Premature Births——Premature births from various causes is 
comparatively frequent. It is many times impossible, excluding the 
already defined causes of abortion, to determine why the child should 
be expelled earlier than normal. 

In many cases there appears to be nothing abnormal about the 
mother, no illness, no excessive exercise and no disease. 

The saving of premature infants born after the seventh month of 
gestation requires special consideration. 

According to Cramer, who made an inquiry in many institutions, 
as high as 81 per cent. of 500 premature infants were still alive, a much 
greater percentage than could be shown with us. 

The maintenance of the body temperature and breast milk are the 
sheet anchors in these cases. 

Clothing of the Prospective Mother.—Clothing of the prospective 
mother should be loose, warm, and comfortable. All clothing should 
be suspended from the shoulders. Corsets which constrict the chest 
and abdomen should be discarded. 

During the last months, when the abdomen is pendulous, an 
abdominal support may be worn if properly fitted. 

Prenatal Care.—Proper care of the prospective mother should be 
exercised from the first months of pregnancy. A physical examination 
should be made and any abnormality determined and if possible 
corrected. The urine should be examined regularly at least once a 
‘month. The diet and general hygienic surroundings of the family 
should be carefully scrutinized. The general nutrition should be 
maintained at as high a point as possible. 

Inverted or undeveloped nipples should be recognized early and 
proper steps taken by means of suction, massage, etc. to properly 
develop them. Many failures of nursing arise from this cause. 

Among the poor, the prenatal clinic, supplemented by the prenatal 
nurse, is of the greatest value. The follow-up work in many of these 
cases is imperative. It is only by visiting these people in their homes 
‘and demonstrating to them the proper way to live that results can be 
obtained. It is remarkable how rapidly intelligent women get the 
idea if properly presented to them. Each woman becomes a mission- 

Vou. I—72 
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ary in her district and it is not long before the status of the whole 
community is improved. : 

Protection of Child During the Puerperal Period.—The lives of 
many normal infants are sacrificed from faulty technique and from 
lack of proper protection during and directly after birth. Where there 
is any deformity or constriction of the pelvis or any malposition of the 
fetus the delivery should take place in a well appointed hospital. The 
physician should realize that a complicated obstetric case requires as. 
much skill as the most delicate surgical procedure. The application 
of obstetrical forceps is responsible for many more serious brain lesions 
than has been heretofore generally realized. Facial paralyses are com- 
mon and hemiplegias are not uncommon as a result of pressure. 

Forceps should only be applied after nature has been given a fair 
chance to defend herself, and then only by one skilled in their use. 

The possibility of prolapse of the cord and consequent strangulation 
with resulting asphyxia and inhalation of amnia by the fetus should be 
borne in mind and every means taken to prevent such a catastrophe. 

Injuries resulting from traction on the extremities in the process of 
delivery frequently occur. Fractures of the bones of the arms and 
legs are not infrequent as are also injuries to the nerve trunks resulting 
in some degree of paralysis either temporary or permanent in character. 

Many infants succumb during the first week'as a result of exposure 
during delivery. Young infants lose heat rapidly, the body tempera- 
ture sinks to subnormal, frequently resulting in catarrhal infections of 
the respiratory tract and even pneumonia. As soon as the cord has _ 
been tied, and even before, the baby should be rolled in a warm blanket 
and removed out of harm’s way. It should, however, be watched closely 
to see that it breathes properly and that the cord does not bleed. It 
has been demonstrated that after a bath the temperature usually falls 
below normal. 

Asphyxia.—A considerable number of apparently normal infants, 
especially those who have been subjected to a long difficult birth, do not 
begin automatically to breathe directly after delivery. These cases 
are usually cyanosed to some degree although at first the skin and mu- 
cous membranes may be very pale, the cyanosis beginning only afterthe - 
pulsation of the cord has ceased. It is probable that either as a result 
of pressure or an accumulation of toxic products in the blood, the re- 
spiratory centers have been so interfered with that they lack the power 
to functionate. 

If there has been a serious injury to the brain involving the respira- 
tory center the inability to breathe may be permanent and the child 
will die as soon as artificial respiration has been discontinued. In 
many cases, however, the condition is temporary and after artificial 
respiration has been resorted to for a time the breathing goes on auto- 
matically. As soon as the infant is born all secretions should be re- 
moved from the nose and mouth and the character of the heart action 
determined. 


A dash of cold water on the face and chest will often tend to produce 
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a.respiratory effort sufficient to partially inflate the lungs after which 
the automatic breathing may continue. If, however, the cold water 
does not at once produce the desired result it should not be persisted in, 
but the child should be rolled in a warm blanket and artificial respira- 
tion begun at once. As long as the heart continues to beat there is 
always a good chance that the breathing will become normal. 

Whatever means of artificial respiration is employed the important 
point is that air enter the lungs and then be expressed. The number of 
induced inspirations and expirations should not exceed 18 to 25 to 
the minute. After a few have been given a pause should be made 
sufficiently long to see if any effort is made on the part of the baby and, 
if so, it should be permitted to continue and the artificial respiration 
stopped. If the cyanosis does not quickly disappear some further 
assistance with the idea of inducing a proper areation of the blood 
should be given. 

When the cyanosis persists after respiration seems normal it is 
probable that either there is an improper inflation of the lung (Atelec- 
tasis) or that there is a congenital heart lesion (see chapter on heart). 

Tying and Care of the Cord.—Improper care of the cord is 
responsible for many serious conditions in newborn infants. 

Hemorrhage from the stump of the cord is a not infrequent cause 
of death. When the cord is very large it contains much jelly that 
requires considerable force applied to the ligatures in order to properly 
constrict the vessels. A careful inspection: should be made several 
times within the first 12 hours to see that there is no bleeding from the 
cord. It has been our experience in the hospital that not infrequently 
bleeding occurs from the cord several hours after it has been first tied 
and where there was no bleeding directly after tying. No reference is 
made here to Melena Neonatorum or to cases suffering from Hemo- 
philia where the bleeding will continue in spite of any amount of tying... 
In these cases the cause is constitutional and not local, and other reme- 
dies such as transfusion of blood must be resorted to. The care of the 
cord is of the greatest importance as infections at this point are espe- 
cially serious. 

It is probable that if the cord were left without any dressing at all 
except to be surrounded by sterile gauze and allowed a free access of 
air that there then would be fewer infections than where applications 
in the way of dusting powders are applied, many of which are not 
sterile. When no application except sterile gauze is applied the cord 
quickly mummifies, there is no culture media for bacteria, and there 
is no interference with the development of the epithelium of the skin 
which rapidly closes over the navel. 

Any infection about the navel is particularly serious as pathogenic 
organisms may be earried directly to the liver through the collapsed 
vessels, resulting in a general systemic infection. 

After the cord has separated, and if there has been no infection, the 
raw surface at this point of separation becomes covered with epithelium 
and is lost in the folds of the umbilicus. Not infrequently this small 
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surface does not heal over but instead continues to granulate producing 
a small pediculated mass the size of a French pea hidden in the folds 
of the umbilicus. This keeps up a continuous sero-purulent discharge. 
The proper treatment of this condition is to have an attendant grasp 
the mass with a blunt forceps and then with a sterile ligature tie off 
the pedicle. The mass will then mummify. The whole area including 
the pedicle may be touched with a 5 per cent. solution of iodine to pre- 
vent any possible infection, and the discharge will cease at once. For 
the future it is only necessary to keep the recesses of the umbilicus 
clean. 

Bathing of the Newborn.—There is no necessity that newborn 
infants should receive a bath during the first few hours. Infants who 
are not especially vigorous and particularly those who have been sub- 
jected to a long hard labor and have had considerable exposure are 
much better if simply rubbed with warm oil, wrapped in a warm blanket 
and left from 12 to 24 hours. 

Newborn infants should be exposed only for very short periods of 
time unless the room is at body temperature. The water for the bath 
should be about 100 degrees and should be preferably rain water 
and boiled. 

If well water, which usually contains considerable lime salts, is used, 
a little borax (one drachm to the quart) willimprove the softness greatly. 

During the first week, or until the cord separates, only sponge 
baths should be given and then only under a blanket unless the room 
temperature is above 85 or 90 degrees. 

Soap should be used sparingly and only the best quality should 
be used at all. The average cheap soap contains considerable 
unneutralized alkali and is extremely irritating to the delicate skin 
of the young infant. In giving the bath little friction should be used 
as the epithelium is easily rubbed off and a dermatitis results. 
Where there is a large amount of vernix caseosa it should not be removed 
at one bathing but only that which can be removed without fric- 
tion, the baby re-anointed with warm oil and the remainder removed 
at the following or subsequent baths. 

Many infants after the first days suffer from intense redness of the 
skin often accompanied with tiny pin point pustules. This is usually 
due to irritating soap or to too much friction, or both. 

It is imperative that the skin where soiled with the stool or urine 
should be cleansed at once and all secretions from the folds of the skin 
removed, otherwise a dermatitis will soon result. The skin should be 
dried by sponging with a soft towel and not by rubbing, as undue 
friction might by removing the delicate epithelium set up a dermatitis. 

Following the bath the skin may be dusted with some bland 
insoluble powder such as stearate of zine or corn starch. 

Toilet powders which contain boracic acid or other soluble drugs 
are often irritating to the skin as they soon dissolve in the perspiration 
or urine and add to rather than diminish the irritation. It is not 
necessary unless the conditions are ideal that young infants should have 


CARE OF THE GENITALS 1141 


a general bath daily if the soiled areas are kept clean by sponging, in 
fact it is a daily experience in hospitals to see newborn infants 
receiving their daily bath where the temperature of both room and 
bath is far below what is proper. 

I have witnessed young infants during the process of bathing left 
exposed for a considerable time while the nurse was called away to 
perform some other duty. If the temperature of such an infant were 
taken an hour afterward it would be found to be subnormal, and the 
following day this infant would usually be suffering from sniffles with 
considerable rise of temperature. 

Professor Budin found that in Paris where many of the infants were 
brought to the clinics poorly clad that their temperatures were fre- 
quently subnormal and that the death rate of these infants was enor- 
mous, many of them succumbing to pneumonia. The exposure of 
young infants cannot be too strongly condemned as it is responsible 
for a large percentage of the mortality. 

Care of the Genitals.——The care of the female genitals requires 
nothing more than simple cleanliness. Great pains should be taken to 
separate the folds of the labia at least once daily and remove all 
secretion and excretions by gentle sponging. Soap should not be 
used as it irritates and smarts the delicate mucous membrane. In 
cleansing a female infant which has been soiled with the stool the 
sponging should be carefully done from before backward so as not to 
- introduce fecal matter into the vagina or urethra. It is a well recog- 
nized fact that about 90 per cent. of the cases of pyelocystitis occur in 
female infants, a fact which points strongly to the probability of 
the infection being an ascending one. 

No dusting powders should be used in or about the vagina as they 
act as a foreign body and produce irritation. Simple cleanliness is the 
best protection against irritation of the skin and mucous membrane. 

Regarding the care of the male genital organs there is great diver- 
sity of opinion. In the care of the penis of the male infant, I think it 
is fair to assume that nature has not made as many blunders as many 
would have us believe. 

All- male infants have an adherent foreskin at birth. From 
several thousands of observations I have found that there is a con- 
siderable difference in the length of the foreskin, and the degree of 
adherence around the meatus, in different individuals. Whatever 
may be the facts regarding the lack of susceptibility to infection later 
in life in those who have been circumcised, it is certain that nature 
never intended that infants should be circumcised at birth. If left 
alone about one-half of the cases will right themselves within the first 
year. The foreskin will gradually become dilated and the adhesions 
will break of themselves. Where dilation does not occur within the 
first year and where the foreskin is tightly adherent around the meatus, 
circumcision or stretching may be required. In many of the cases 
where the foreskin is long and even when it can be pushed back it 
would be much better and more readily kept clean if a circumcision 
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were performed. In some cases before the adhesions are broken up it 
will be found that there is considerable irritation produced by an 
accumulation of smegma behind the glans penis. When this occurs 
the adhesions should be forcibly broken down with a probe, the 
secretion removed, and if necessary a circumcision performed. 

Forcibly pushing the foreskin back daily in young infants is 
unnecessary and frequently paves the way for the vicious habit. 
of masturbation. 

Care of the Mouth.—Contrary to what has been generally believed 
and often taught, the mouths of young infants do not need daily cleans- 
ing. If directly after birth it is found that the mouth or pharynx 
contains mucus which threatens to interfere with breathing, the mouth 
should be gently swabbed out with some sterile cotton, wound on an 
applicator or over the index finger. The forcible swabbing of the 
mouths of infants by means of gauze stretched over the finger is a 
frequent cause of sore mouth (Stomatitis) in infants. Wherever any 
of the epithelium is rubbed from the mouth or tongue a white exudate 
results. The secretions of the salivary glands suffice to keep the mouth 
of the young infant clean. 

After the teeth come through, food accumulations on them should 
be removed by means of a soft brush or by other means. _ 

Care of the Eyes.—Since it is a known fact that 80 per cent. of the 
cases of blindness result from gonorrheal ophthalmia (Ophthalmia 
Neonatorum) acquired from the vaginal secretions of the mother - 
during birth, it is of vital importance that the eyes of the newborn 
receive the necessary care. The eyes should be irrigated almost im- 
mediately after birth with a warm boric acid solution and if the mother 
has any vaginal discharge a 2 per cent. silver nitrate solution freshly 
made should be dropped into the eyes. 

"It would be a safe procedure if it were taken for granted that every 
case were infected and this procedure practiced by every physician or 
midwife as a routine. 

In many states this is now compulsory in all cases, so that it is 
probable that in the near future this law will be in force in all the 
states of the union. . 

In all cases where there is any evidence of inflammation in the 
infant’s eyes, as evidenced by the redness of the conjunctive, or 
discharge, a smear and culture should be taken at once and the charac- 
ter of the infection determined. It would be well in all such cases, 
without waiting for a report of the culture, to drop a 2 per cent. 
solution of silver nitrate in each eye. Following the silver nitrate a 
slight reaction may result, which however is insignificant and rapidly 
disappears. 

If after the first cleansing the eyes appear normal and no discharge 
appears it is only necessary to keep the eyelashes and corners free 
of secretion. This may be done preferably with anormal salt solution. 
Daily washing with solutions such as saturated boric acid is unnec- 
essary and even harmful. If the eyes are normal, the secretions of 
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the lachrymal glands suffice to keep the eyes under normal con- 
ditions clean. 

Clothing of Infants and Children.—The proper clothing of infants 
is dependent upon several important facts. It must be remembered 
that the primary object of clothes is to maintain the body temperature 
at a constant degree. An infant has a greater body surface in pro- 
portion to its weight than older children and adults, which offers a 
greater opportunity for loss of heat by radiation and evaporation. It ~ 
is an undisputed fact that owing to the lack of development of the heat 
regulating centers a young infant is not able to maintain a constant 
body temperature under varying conditions of heat and cold. A 
natural conclusion would be therefore that under a given temperature 
infants would require more clothes than older children. The amount 
as well as the quality of the clothing will depend somewhat on the 
character of the climate, the temperature and humidity. 

The infant should be so protected. by clothing that he is never 
exposed to excessive degrees of heat or cold. Sudden changes in 
temperature should be met by varying the amount and quality of the 
clothing. Woolen should be theoretically worn in cold weather while 
in hot humid weather when greater evaporation is required the clothing 
should consist of cotton, muslin or other material which conducts 
heat much more rapidly than woolen. In extremely hot weather the 
only object of dress is to cover nakedness in compliance to convention 
and to protect the sensitive skin from thé sun, dust, flies, etc. 

In summer most children are over clothed and it will be found that 
many of the illnesses from which children suffer in hot weather are due 
to a combination of over-feeding and excessive clothing. 

The clothing about the chest and abdomen should be sufficiently 
loose so as not to impede the functions of either the digestive or respira- 
tory organs. A tight binder about the abdomen is a common cause of 
the regurgitation of food in young infants. 

Undergarments.—It is important that the undergarments should be 
fastened with tape instead of pins or buttons. In pinning the diapers 
it is not an uncommon thing that portions of the skin and even the 
scrotum are included. 

When a baby shrieks as if in pain it is always advisable to see if a 
pin may not be the exciting cause. 

In pinning the diaper to the shirt it is important not to pin it so that 
it will produce undue tension on the shoulders thereby causing - 
deformity. As soon as children are able to walk all clothing should be 
suspended from the shoulders. The best manner to do this is by means 
of a properly constructed waist to which the clothing is fastened. A 
waist known as the Golthwait with broad shoulder straps extending 
well up to the base of the neck is an ideal form and may be made at 
little expense. The ordinary variety purchased in the shops has 
narrow shoulder straps which usually fall out on the points of the 
shoulders thereby tending to drag them downward and forward. ; 

A very light woolen shirt of a mixture of cotton and wool even 1n » 
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the hot summer months in the north, excepting extreme weather, will 
be found to protect children from the sudden changes of temperature 
and from becoming chilled after vigorous play. 

Abdominal Band.—A newborn baby should wear an abdominal 
band until the navel is healed. It may then be discarded. This 
binder should be six inches wide and should be made of flannel. It 
should be worn snugly but not too tightly around the abdomen. A 
' tight abdominal binder is often the cause of regurgitation of food. 
There is no ground for believing that the abdominal binder protects 
the infant from intestinal disorders. It is much more frequently the 
cause of intestinal disorders, particularly in hot weather. 

Diapers.—The diapers should consist of soft non irritating material, 
preferably cotton, which readily absorbs moisture. A large number of 
diapers, two or three dozen, are necessary in order to be able to make 
frequent changes. Diapers should be changed as soon as soiled. 
Soiled diapers always produce discomfort and not infrequently irri- 
tation of the skin. It is not improbable that soiled diapers may pro- 
duce infections of the genito-urinary tract, especially in girls. It is. 
a recognized fact that fully 90 per cent. of the cases of pyelocystitis occur 
in female children. The soiled diapers should not be used the second 
time without first being washed, boiled and dried. A common practice 
of allowing diapers which have been soiled by urine to dry and then 
use them again without boiling should be condemned. The diapers 
should be applied loosely to allow free movements of the legs and 
should be secured by tape if possible, instead of pins. 

When children are out of doors in cold weather the feet, legs and 
hands as well as the body must be kept warm. Children will not 
play out of doors in cold weather unless they are comfortably dressed. 
Over-shoes and woolen -over-stockings should be provided which can 
be removed when indoors. The greatest care must be exercised when 
young infants are out of doors in cold weather. It is not uncommon to 
see infants whose faces have been frosted from exposure even for a short 
time in zero temperature. Young children should not be taken out 
in zero weather and under all conditions young children when out 
of doors in cold weather must have special wrappings of wool in order 
to maintain body temperature. 

Young infants should wear woolen stockings in cold weather and 
cotton in moderate weather which may be attached loosely to the 
- diaper so that the feet may have ample freedom of movement. It 
is much more logical to allow children to wear sufficient clothes so that 
they do not have to be pinned under blankets thereby greatly limiting 
their bodily movements. 

Shoes.—Shoes for young infants, if worn at all, should be of soft 
leather allowing perfect freedom of all muscles. Shoes for older 
children should be without heels up to the age of 8 to 10 years. High 
heels should never be worn. Sandals with broad toes are excellent 


for summer, protecting the feet from injury, and are the next best thing 
to going barefoot. 
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List of Clothing for Infants.—The following list of clothing will be 
appropriate for a young infant. Fewer articles may be sufficient but 
more frequent laundering would be necessary. 

Two to five dozen diapers, 20 by 24inches. These should be of soft 
cotton material. 

Four to six shirts; soft woolen, or cotton and wool, or silk and wool. 
For hot weather the shirts should be of the thinnest wool, and if the 
weather is extreme they may be of cotton. 

Six bands, flannel or knitted, six to eight inches wide. . During the hot. 
weather they may be discarded if a thin woolen skirt is worn. 

Six skirts, flannel. During hot weather cotton or muslin should be 
worn. 

Six night gowns, of outing-flannel or cotton (for summer). They 
should be long enough to pucker at the bottom with draw strings over 
the feet and large enough not to interfere with the movements of the 
legs. 

One dozen dressing slips, of simple wash material of various 
weights. Expensive linens with embroidery are only for the rich. 
There is no good reason for the length extending beyond the feet. 

Three blankets, or comforts, of varying degrees of warmth for 
different weather. 

Two knitted sacks. 

Six or eight quilted pads for the basket or bed. 

One cloak. 

Two caps; one warm, one cool. 

Two veils, without color. 

Two rubber blankets, one yard square. 

One hair pillow, 10 by 12 inches, one to two inches thick. 

Six pillow covers. 

Six sheets. 

The Nursery and Its Equipment.—The nursery should be a good. 
sized room and should be provided with at least two windows which 
face in opposite directions. It should be so located that it will have 
the direct sunlight for at least a part of each day. The south and east 
facing room is generally to be preferred, since during the winter months. 
the sun shines in these windows a great part of the day and during the 
hot summer months the hot afternoon sun is to some extent avoided. 
During the summer, awnings, especially on the south and west, win- 
dows, are almost a necessity. 

All windows should be provided with screens to exclude flies and 
mosquitoes as well as other insects. Hangings and pictures should as 
far as possible be excluded and only the simplest wash curtains be 
permitted. The floors should be of hard wood or tile and may be cov- 
ered with small rugs.which may be washed. The floors should be 
mopped regularly once or twice weekly. A vacuum cleaner or carpet 
sweeper should be used in preference to a broom for removing dust from 
the floors, since the latter simply suffices to stir up the dust and change. 
its location. 
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The walls of the nursery should preferably be of plaster which may 
be painted some restful color and which may be wiped with a damp 
cloth without injury. In place of pictures with frames a fresco of 
appropriate figures may be substituted. 

Venttlation.—The air in the nursery must be kept constantly fresh; 
it is therefore necessary to have a continuous change of air from with- 
out. During the summer months when the weather is warm and the 

‘windows may be kept wide open this is a simple problem, but in 
winter, particularly during extreme weather, it is often a difficult 
problem to have proper ventilation and at the same time maintain the 
temperature of the room. Opening a window slightly at top and 
bottom creates a rotary motion of the air thereby promoting good 
ventilation. Most of the patent ventilators which are on the market 
have a limited value and many of them are entirely useless. It is not 
sufficient, as is too frequently supposed by the laity, to open the 
windows once daily so that the room may be aired. It is absolutely 
necessary that some change of air however slight should be constantly 
in force. 

As few persons as possible should be in the nursery at any one time 
and when the baby is asleep it should be alone. The mother, or nurse, 
should sleep in the adjoining room with the door open so that any 
noise made by the baby, such as coughing, vomiting or difficult breath- 

' ing, may readily be heard. A bath-room and toilet, adjoining the nurs- | 

ery, for the exclusive use of the child and nurse is not a necessity at 
all times but a great convenience and during any contagious affection 
an absolute necessity. 

‘Temperature.—The temperature of the nursery for the first few 
months should be very uniform, about 68 to 70 degrees during the 
day and at night and during the sleeping hours it may be slightly 
lower. During the bath, the temperature should be considerably 
higher, say 75 to 80 degrees, since infants lose heat very rapidly 
when the surrounding temperature is below body heat. Young in- 
fants should never be put to sleep in a zero or sub-zero temperature. 
It is not difficult to imagine that air at such temperatures inspired at 
the rate of 30 per minute must be extremely irritating to the delicate 
mucous membranes of the respiratory tract of the young infant. The 
essential thing is that the air be fresh and it is not necessary that the 
air be cold in order to be fresh. It is not an uncommon mistake to 
find a whole family consisting of father, mother and several children 
sleeping on a porch with the windows closed. They are usually labor- 
ing under the delusion that they are obeying ultra-modern health 
rules because the air is cold. 

During the hot weather, especially when the weather is humid, 
and especially when there is no breeze, an electric fan will be found to be 
of great benefit since it is in the movement of the air that evaporation 
1s Increased. It should be remembered, however, that young infants 
are very susceptible to rapid changes in temperature so that the 
current from the fan should not be too directly turned upon them. 
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Heating.—The means of heating the nursery is of great importance. 
The most common means in vogue today are the stove, the central 
heating plant which may be hot air, hot water or steam. Any central 
system may be regulated by means of a thermostat so that the fire 
may be controlled, giving a uniform temperature throughout the house. 
A point of great importance is that frequently during the cool days of 
spring and fall and even occasionally during the summer months a 
central heating plant is rarely in commission. It is therefore usually 
necessary to have some means of heating the nursery and adjoining 
rooms. This can best be done by means of a wood stove or betiter still 
a fire-place, which at the same time acts as an excellent means of venti- 
lation. Another important advantage of the stove is that a kettle 
containing water may be kept boiling so that the air has sufficient 
humidity. Regarding the humidity of the air when the nursery is 
heated by a central plant, with hot water it will be necessary to adjust 
some form of humidifier to the radiators so that sufficient amount of 
water may be evaporated. With steam heat the vent may be left 
sufficiently open to secure the proper amount of moisture and with the 
hot air the modern furnace is provided with a large receptacle attached 
to the furnace itself which vaporizes a sufficient amount of water while 
it is in operation. See chapter on ventilation and humidity. 

Lighting —The lighting of the nursery is a matter of great impor- 
tance. Whatever form of light is provided should result in as little 
contamination of the air as possible in the way of consuming oxygen, 
producing irritating gases, and in the production of bad odors. The 
form of light which meets all of these requirements best is a properly 
modified electric light. 

Lights should be so placed and modified by globes and shades as 
to produce a soft non-irritating light. Bright light should not be 
allowed to shine directly into a child’s eyes, and during sleeping hours 
all light should be extinguished. A gas jet should never be allowed in 
a sleeping room. It is practically impossible to make the joints suffi- 
ciently tight so that some gas does not constantly escape, there by 
rendering the air poisonous even to the point of great danger. Any 
open flame such as a gas jet should never be allowed to burn in the 
nursery unless there is plenty of air being admitted from without. 
The author has seen a child asphyxiated as a-result of a gas flame 
burning in a small room with the windows and doors tightly closed. 
If some light must burn at night in the nursery and an electric light is, 
not available, a small wax candle will use up a minimum of oxygen. 

Beds.—The best bed for the newborn baby is an ordinary clothes 
basket which has been painted with white enamel. Draping, if any, 
should be of simple white material. The basket may also be lined with 
some simple wash material which can readily be removed. A mattress 
stuffed with fine excelsior or hair should be provided. Over this should 
be a water-proof sheet and this in turn covered with a cotton pad to 
absorb the urine. Feather pillows should not be used in place of a 
mattress; they are insanitary, especially in hot weather. The basket 
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has many advantages over a bed for young infants: it is cheap, readily 
moved about, and the high sides if covered with some impervious 
material offer a protection from the cold. 

At the age of six or eight months the baby may be transferred to a 
crib instead of a basket. The crib should be of iron or wood painted 
with white enamel. The sides should be capable of being lowered or 
swung down from the lower border on hinges. A very important 
form of bed for hospital use or even for the nursery is one in which the 
springs and mattress may be raised within the frame to the desired 
height. The constant stooping over a low bed is extremely fatiguing 
to the mother or the attendant. The mattress for the crib may be of 
the same material as that for the basket and should be covered with a 
water-proof sheet and a cotton pad. In addition to the bed or basket 
_ a nursery should contain all the necessary articles for the use of the 
toilet. 

These should be arranged in a manner to save the time and energy 
of the mother or nurse. The following articles may well be included in 
every well regulated nursery: 

A folding or ordinary kitchen table upon which the baby may be 
dressed, undressed and changed. The top may be covered with oil 
cloth which should be washed off daily with a damp cloth. 

A bed screen, to be covered with simple wash material. A dressing 
table with a glass or porcelain top and a shelf below, also of glass or 
porcelain. A railing one inch high should surround the top and shelf, 
to prevent articles from falling off. The legs of the table should be 
provided with large casters so that it may be readily moved about the 
room. It should be low enough to be within reach of the nurse with- 
out her getting up. The table should be equipped with the following 
articles: 

1. One bath thermometer. 

2. Clinical thermometer. 

3. Talcum powder (unscented). 

4. Stearate of zine powder. 

5. Tube of yellow vaseline (the jar vaseline is insanitary). 

6. Boric acid crystals. 

7. Box of zine oxide ointment (preferably a tube). 

8. Bottle of alcohol. 

9. Bottle of sweet oil or olive oil. 

10. Castile soap (best quality). 

11. Blunt bandage scissors. 

12. Safety pins (assorted). 

13. Needles and white thread. 

14. Soft wash cloths and towels. 

15. Soft baby hair brush. 

16. Absorbent cotton (sterile). 

17. Tooth-picks, to wrap cotton about as swabs (to be discarded and 
burned after using). 

A receptacle with a tight fitting lid, preferably of enamel, should 
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be provided for soiled diapers. This should stand in the bath room 
but may remain in the infant’s room if necessary without producing 
bad odor if the lid is kept closed. It is always important in cases of - 
children with any abnormal condition that the stools should be pre- 
served for inspection by the physician. The total number for the 24 
hours should be kept. 

A pair of accurately weighing scales is an absolute necessity for the 
nursery. The ordinary variety with a dial depending upon the recoil 
of a spring is usually inaccurate. The best variety is the beam-scale 
and may combine both a scoop for small infants and a platform for 
older children, weighing as high as one hundred and fifty pounds. 

Time to be Spent Out of Doors.—During the months when the ~ 
weather is warm even very young infants should spend as much time as 
possible out of doors. This does not mean that they should be pushed 
about in a perambulator or taken riding in an automobile. Such 
procedures expose the young infant to dust to which he is very sensi- 
tive resulting usually in catarrhal inflammation of the air passages, 
in restlessness and inability to sleep. Children may usually secure 
sufficient sun and air on their own porches or in their own yards. 
If the windows of the nursery can be opened widely, as with casement — 
windows, for example, children may be practically out of doors while 
remaining in their own rooms. 

During the extremely hot weather, rooms on the shady side of the 
house will frequently be cooler than out of doors. Certain beds 
inclosed by fine screens and provided with rubber tired wheels may now 
be purchased which may be pushed out on the porch or on the lawn. ° 
The position may be readily changed according to the sun. In crowded 
parts of the cigy where there are no lawns, children during the extreme 
weather should be taken into the*open spaces in the parks as much as 
possible. Some cities, New York and Boston, for example, are pro- 
viding floating play grounds and hospitals for both well and sick 
children. They may be moved where they can secure a maximum of 
fresh air. 

In the northern climates during the winter months it is a difficult 
thing to decide just how long and how often, if at all, young infants 
should spend out of doors. Infants who are born at the beginning of 
winter, even if they are vigorous, should be taken out of doors during 
the first two or three months only when the temperature is above 45 
or 50°F., and even then not when the wind is blowing strongly and the 
air charged with dust. It is more practical during mild days that the 
baby be dressed as if for going out and the windows or doors opened 
widely for a brief period. During the winter months, during the sunny 
part of the day the baby should be ‘placed so that it can receive the 
direct rays of the sun, a shade being arranged so as to protect its eyes 
from the direct rays. After five or six months the baby may be put to 
sleep out of doors when the temperature is not below freezing. The 
- important point is’that infants be gradually accustomed to sleep in 
progressively low temperatures and that the temperature is not 
suddenly changed from a high to a low degree. 
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It is of vital importance to remember that young infants do not 
tolerate well either extremes of heat or cold, and also that cold air is not 
. necessarily fresh, and that is not necessary that air be cold in order 
that it be fresh. ; 

Sleep.—During the first year infants should sleep from two-thirds 
to three-quarters of the time. During the second year they should 
sleep at least 16 hours out of the 24 and even up to the sixth year they 
should sleep 12 hours during the night with a two-hour nap during the 
day. It is during the period of sleep that. the process of repair is 
probably most active. It must be remembered that the brain of the 
child develops more during the first three years than it does during 
~ the remainder of its life, so that the most favorable conditions should be 
maintained for the development of the extremely unstable nerve 
centers. 

The respiration during sleep in young infants should be practically 
noiseless. The respiration, as in adults, is deeper and slower than 
during the waking hours. In young infants the rhythm is sometimes 
very irregular and is largely diaphragmatic. The noiseless character of 
the breathing in young infants and the fact that it is largely diaphrag- 
matic is frequently a source of anxiety to the young mother. If 
she is directed, however, to observe the abdomen instead of the chest 
she will at once be able to observe that the breathing is going on 
normally. 

Nose and Mouth Breathing.—Infants should breathe through the 
nose and with the mouth closed.. When children sleep with the mouth 
‘open it is a fair indication that the post-pharyngeal tonsil is larger 
than normal and acts as a mechanical obstruction to breathing through 
the nose. This inability to breathe through the nosq is a frequent 
cause of inability to nurse since a child cannot suckle unless it can 
breathe through its nose. An infant should never sleep in the same 
bed with the mother or nurse. It is not an uncommon occurrence that 
young infants are accidentally smothered by the mother while she is 
asleep. Infants who sleep with the mother are liable to nurse at 
irregular and frequent intervals throughout the night to the detriment 
of both. 

Rocking the Baby.—The old habit of rocking or walking the baby 
to sleep is a pernicious one and has nothing to commend it. A baby 
who is rocked or carried will usually promptly wake again as soon as 
the movement ceases. After a brief period a baby becomes so spoiled 
that it will ery incessantly so that it is almost impossible to tell whether 
the baby is sick or not. A baby should be fed and then put down, its 
position being changed at intervals to- promote emptying of the 
stomach. It has been demonstrated that the stomach empties itself 
in some positions better than others. 

‘ The best position to promote the emptying of the stomach is one 
in which the head and thorax are on a slightly higher plane than the 
abdomen. 


Restlessness During Sleep—The: common causes of restless sleep 
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are over-feeding, over-clothing, over-heated and badly ventilated 
rooms, soiled diapers, inability to breathe properly through the nose, 
too tight binders and safety pins. 

Position During Sleep.—During the first two or three years no pillow 
should be used. A gradual incline of two or three inches may be 
permitted, the head of the mattress being to that extent higher than 
the foot. After feedings, particularly in very young infants who are 
prone to regurgitate their food, raising the upper part of the body will 
be found to be of value. The position of the child should be changed at 
intervals as actual deformity results from constantly occupying the 
same position. 

Sleep for Older Children.—After the third year many children sleep 
too much during the day with the result that they are restless during 
part of the night. 

Children who sleep two or three hours after the mid-day meal miss 
the best part of the day when they should be out of doors. It is 
important that children receive a great deal of exercise in the open air, 
as it is by this means that their general musculature is developed, their 
appetites are keen and the assimilation of the food immensely 
improved. Children who are physically tired will eat better, digest 
better, develop better and sleep better than those who are pushed 
about in a perambulator or taken about the country in a limousine. 

The Mid-day Nap for Older Children.—The habit of taking a nap 
in the middle of the day should be enforced as long as possible. Chil- 
dren who are active throughout the day either at school or at play 
should entirely relax for at least an hour during the middle of the day, 
even if they do not sleep. If over-worked mothers could be persuaded 
to adopt a rule of resting in the recumbent position for an hour or so in 
the afternoon the responsibilities of the family cares would weigh 
much less heavily upon them. 


CHAPTER X 
CLIMATOTHERAPY 
By F. L. Waxeuam, M.D. 


New Yorke 
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We can best appreciate the value of climatotherapy when we recall 
that most of our physical remedies apply but one agent at a time. 
Climatic treatment comprises not only the application of heat and 
cold, but also the utilization of atmospheric pressure, sunlight, a 
species of massage by the winds, and the moisture of the air Wemay, ~ 
therefore, recognize that such treatment will often be superior to any 
one physical agent, but we also see that careful study and discrimina- 
tion are requisite, as we apply any particular climate to the individual 
patient. 

Climatic treatment may be employed to act either as a stimulant 
or a sedative.’ Each of these purposes calls for different combinations 
of the various climatic factors, namely, temperature, sunshine, humid- 
ity, air pressure, and airin motion. To utilize advantageously any one 
combination of these, such as constitutes a climate, we must begin 
by considering separately the physiological action of each climatic 
element. . 

Temperature.—The nude body of the normal child, when at rest, 
in an atmosphere containing about 60 per cent. of moisture, maintains 
its warmth of 99 degrees most easily at a temperature which ranges 
from 95 degrees in early infancy to about 85 degrees at puberty. This 
may be called the indifferent temperature, which is reduced about 10 
degrees by ordinary summer clothing, and 15 to 20 degrees by heavy 
winter garments. At still lower temperatures additional body heat 
must be generated; this is accomplished by increased oxidation of the 
tissues, but most readily achieved by muscular exertion. Moderate 
exercise, such as walking, lowers the indifferent temperature about 10 
degrees more; this measure is of course not available for infants or very 
young children. Thus living and school rooms for older children 
require artificial heat whenever their temperature falls below 65 degrees, 
whereas the young infant’s room should have a temperature of not less 
than 75 degrees. Out of doors older children, when indulging in 
active play, will not require extra wraps at shade temperatures above — 
55 or 60 degrees; at rest even when the temperature is 10 degrees higher, 
they need overcoats or like garments. Exposure to the direct 
rays of the sun introduces a factor so variable, as not to be reducible to 
figures; it must suffice to state that sunshine affords a leeway of an 
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indefinite but considerable number of degrees, so that a sunny and shel- 
tered spot may feel comfortably warm when the shade temperature is 
below the freezing-point. 

The sedative indication is therefore fulfilled in a climate affording a 
daytime temperature between 70 and 80 degrees, corresponding to a 
much lower average, for the night temperatures concern us relatively 
little, as then the patient is indoors. Lower daytime temperatures are 
restful only if exercise can be indulged in; therefore they are not 
appropriate for early childhood or extreme invalidism. During the 
day when the temperature is below 60 degrees, the hardening influence 
predominates; when a sedative action is desired, so cool a climate is 
eontraindicated. We therefore see that the theory of the indifferent 
temperature renders possible a very delicate adjustment of tempera- 
ture, rest, and exercise; we also see how precise but also how difficult 
climatic treatment becomes when we employ it as a method of harden- 
ing, and how simple it is when rest is the sole desideratum. The 
key to the problem lies in the adjustment to the patient of temperatures 
below the indifferent point; we shall return to this subject when we 
discuss the valuable but often abused procedure commonly called 
hardening. 

When the air temperature rises above the indifferent point, even 
though the body is at rest and lightly clad, more heat is produced than 
the body requires. In the first instance, the disposal of its surplus 
warmth is effected by radiation, which is limited at best and greatly 
interfered with even by light clothing. The final resort of the or- 
ganism, to counteract a high temperature, is the production and evapo- 
ration of sweat, which is very effective under favorable conditions. 
The mere production of sweat, however, calls for additional work on the 
part of the vasomotor apparatus with a consequent accelerated action 
of the heart; heat is therefore a stimulant, not a sedative, a point often 
lost sight of by climatotherapists who confuse moderate warmth with 
tropical heat. We have set the border line at 85 to 95 degrees, 
according to the child’s age; but these figures are, as we haveseen, much 
too high when physical exercise must be allowed for. 

In considering the effects of variations of temperature, it is neces- 
‘sary to observe that these are most acutely felt in the neighborhood of 
the indifferent temperature, particularly therefore in the late spring 
or early autumn. Temperatures below zero, remote from the indif- 
ferent point, all feel much alike, so that — 30 degrees in the Adiron- 
dacks seems very much the same as zero in New Jersey. 

Humidity—In discussing the importance of perspiration at high 
temperatures, we must not overlook the role played by atmospheric 
humidity. Dry air greatly favors the evaporation of sweat, so that the 
temperature of the body, even in hot weather, is easily kept down tothe 
normal. When the humidity of the air. approaches the point of 

saturation, perspiration is checked; in combination with a high tem- 

perature this leads to an accumulation of body heat, thermic fever or 

heat-stroke, miscalled sun-stroke. In this respect the danger line 
Vou. I-73 
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is somewhat higher for children than for adults, approximately at. 75- 
degrees for saturated air and 90 degrees with 50 per cent. of humidity. 
These conditions are frequent only in very warm summer climates, 
thereby accounting fer the relative rarity of heat-stroke in childhood. 

The sensible temperature, that is the temperature as felt by the 
human body, is the mathematical function of the thermometric tem- 
perature and the relative humidity. Temperatures above 60 degrees 
should never be considered physiologically by themselves, but always 
in connection with the percentage of atmospheric moisture; at lower 
temperatures, where perspiration is insignificant, the humidity is 
practically imperceptible and may be disregarded. 

Sunshine and Cloudiness.—Excessive cloudiness is an objection- 
able climatic factor, acting as a psychical depressant, and cutting off 
much of the beneficial effect of sunlight. Sunshine is of inestimable 
value in the winter, elevating the temperature during the day, acting 
as an efficient germicide, and giving the individual exposed to it the 
benefit of direct heat and light radiation. On the other hand, certain 
summer climates furnish so great an excess of sunshine as to overstim- 
ulate the patient exposed to it. During the warm season, therefore, 
a certain amount of cloudiness is undoubtedly sedative and beneficial. 

The germicidal and stimulating effects of exposure to direct sun- 
light are now being employed extensively in the procedure called 
heliotherapy. In this connection it is well to pay attention to two © 
points: First, the danger of producing a severe dermatitis by prolonged 
exposure, before the skin has become gradually inured to this treat- 
ment; secondly, the circumstance that the solar rays are much more 
powerful at high elevations than at the sea-level. : 

Rain and Snow.—An ample rainfall, if not too frequent, and well 
distributed through the warmer months, is always desirable, as it 
purifies the air and checks the formation of dust. An excess of rainy 
days is objectionable, interfering with outdoor life and acting as a 
psychical depressant. 

In winter, a permanent snow-sheet is advantageous, facilitating 
outdoor life and acting as a complete preventive of dust. It has the 
one drawback of melting very suddenly in spring, and rendering at 
least a part of that season disagreeable on account of slush and mud. 
In climates where the winter temperature averages near the freezing- 
point, the stated unpleasant conditions exist during a large part of the — 
cold season; more severe or decidedly mild winter climates are in every 
way preferable. 

Winds.—Moderate winds are a great desideratum, especially in 
summer; high winds and frequent storms are a harmful feature in 
many winter climates; frequent calms are unobjectionable in winter 
but may greatly impair an otherwise suitable summer resort. Great 
plains and coasts are especially subject to strong winds ; In moyntain 
valleys the winds are gentle, sometimes with an excess of calms and 
consequent night mists. 

Altitude.—The variation in the atmospheric pressure according to 
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altitude is of very great importance; at an elevation of 5,000 feet we 
are deprived of one-sixth of our air supply, and at 10,000 feet of an 
additional sixth. To compensate for this deprivation of oxygen, 
a gradual increase of the red blood cells takes place, amounting to nearly 
2,000,000 per cubic millimeter at 5,000 feet, and over 3,000,000 at 
10,000 feet in the course of three or four weeks. At the same time the 
actual, though not the relative, amount of hemoglobin also increases, 
but somewhat more slowly. While this addition to the blood is-tak- 
ing place, the visitor suffers from a relative anemia, severe at first, then 
gradually passing off, constituting what is known as mountain 
sickness. Some persons become affected at 5,000 feet, others only at 
much higher levels, but nearly everybody at 15,000 feet, where only 
about one-half of the normal air supply is available. It is evident 
that previously anemic persons suffer most by removal to high 
altitudes. 

As the atmosphere absorbs a relatively large proportion of the ul- 
traviolet solar rays, these will be especially powerful at high elevations; 
they are in all probability the cause of frequent sunburn among travel- 
ers in the mountains, and seem to be one of the curative factors in the 
treatment of tuberculosis at high altitudes. 

- In the valley bottoms of mountainous regions there is a tendency to 
very intense winter cold and summer heat, and more temperate con- 
ditions on peaks and especially on slopes. The humidity and precipi- 
tation increase as we ascend, at least part of the way, but night fogs 
are frequent in the valleys. On high plateaus we find relative dryness, 
high winds, and a great daily and seasonal range of temperature. 

The Seashore.—At the seashore and on islands the summer is 
usually cooler and moister than inland, because of the sea-breeze; and 
on account of the warming influence of the water the winter months 
have a somewhat higher temperature, lower humidity and more sun- 
shine. The precipitation is sometimes increased, sometimes dimin- 
ished. The seasons, compared to inland situations, are retarded, and 
the autumn is very much warmer than the spring. The annual average 
temperature is raised by marine influence northward, whereas southern 
seaside localities are relatively cool; summer and winter tend to 
approximate to each other, so that some places show a very small 
annual range. Seashore points are apt to be windy, northward 
chiefly in winter, southward in summer, in middle latitudes through- 
out the year. 

Sea-air is relatively free from bacteria, and its purity isundoubtedly 
of value,,especially in southern regions, but the value of the salt spray 
is problematical. Large bodies of fresh water influence climate simi- 
larly to the sea, but naturally to a less degree. rt 

‘Classification of Climates.—Tlor therapeutic purposes, climates 
may be classified as follows: First, according to temperature ; secondly, 
according to relative humidity ; and thirdly, according to altitude. 


The temperature classification includes the following six or seven 
types: 
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1. Hot climates. Every month averages over 68 degrees. 

2. Warm climates. Every month averages over 50 degrees, the 
summer over 68 degrees. 

3. Truly temperate climates. All months average between 50 
and 68 degrees. 

4. So-called temperate climates (extreme climates). Some months 
average below 50 degrees, some above 68 degrees. May be divided 
into: (a4) warm temperate and (6) cool temperate, according to the 
winter averages above or below 32 degrees. 

5. Cool climates. All months average below 68 degrees, the winter 
below 50 degrees. 

6. Cold climates. All months average below 50 degrees. 

The humidity classification includes four types: 

1. Desert climates. Humidity under 40 per cent. 

2. Dry climates. Humidity averages between 40 and 60 per cent. 

3. Moderately moist climates. Humidity averages between 
60 and 80 per cent. 

4, Very moist climates. Humidity averages over 80 per cent. 

As regards humidity, the classification of some localities varies 
with the seasons. 

The third classification, according to altitude, is as follows: 

1. Low levels, below 1,000 feet. 

2. Moderate elevations, between 1,000 and 3,000 feet. 

3. High altitudes, above 3,000 feet. 

The summary of these three classifications theoretically affords 
72 to 84 different climates; even though some combinations do not 
occur, still the variety remains confusingly large. We can simplify 
matters by noting only such climatic types as have a definite thera- 
peutic value. This is best accomplished by a few remarks on climato- 
therapy in general. 

General A pplication.—Residents of hot and warm regions may avail 
themselves of a measure of hardening by temporary removal to a cooler 
climate. A warmer climate involves little change for them, save to 
increase the enervation already induced by their home conditions. 

Residents of temperate regions may avail themselves either of 
sedative treatment in a warmer climate, or of bracing conditions in a 
cooler one; they thus enjoy more extensive opportunities. In the truly 
temperate climates, with a small annual range, the very evenness may 
cause some enervation. Therefore, a visit to a cold winter climate is 
likely to do good. Removal to a cooler region is also desirable in the 
summer months of the extreme so-called temperate climates; the 
inhabitants of such localities often have two bad seasons to contend 
with: namely, a hot and enervating summer, and a winter that keeps 
the less robust individual indoors much of the time ; here the field of 
climatotherapy becomes very extensive indeed. 

Residents of cool climates are not likely to require any change 
except removal to a mild winter resort, which may be selected so as 
to have either a sedative or amoderately hardeningeffect. Residents of 
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cold climates are largely debarred from the benefits of climatotherapy. 
To them any change implies increased warmth, which involves the dan- 
gers of at least relative enervation, rendering perilous a return to 
their inclement homes. The inhabitants of cold countries must, there- 
fore, seek health within their own climatic range. 

The benefits to be derived from increased altitude are not limited to 
the residents of any temperature zone, and the same is true of removal 
to a drier or moister climate. 

The general rules of climatotherapy require some modification when 
applied to infants and young children. Young subjects are relatively 
sensitive to cold and sudden changes of temperature. The modifying 
element of exercise is unavailable during the first 18 months, and of 
proportionately small account for some time thereafter. At tempera- 
tures above the indifferent point, which is relatively high in early life, 
children of all ages do badly; the mortality of white children is very 
high in the tropical lowlands, and the summer months of merely warm 
climates also cause marked enervation. As to the recommendation 
of high altitudes for the very young, there is some diversity of opinion; 
the coldest high mountain climates are unsuited to the earliest years of 
life, but well adapted to older children, while moderate elevations are 
generally beneficial to all ages. 
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In the following pages we give a detailed climatic description of 
North American health resorts, supplemented by mention of some of 
the foreign localities most popular with medical climatologists. 

Newfoundland, New Brunswick and Nova Scotia.—These regions 
are just beginning to come into vogue in the climatotherapy of child- 
hood; the last two quite fulfill the ideal of such persons as desire a 
really cool summer at the seaside; with not too much wind and damp- 
ness. August is the warmest and best month; September is relatively . 
dry, whereas fogs and rainy spells are not uncommon in June and July. 
The spring months are very disagreeable in this region, owing to fre- 
quent cold and damp northeast winds; the late autumn is wet and 
stormy. Unfortunately, most of the accommodations are primitive 
throughout the Maritime Provinces, the fare, in particular, pene, 
usually inferior. 

The Maine Coast.—This section resembles the preceding, but is 
sunnier and colder in winter. Toward the southwest, the summers are 
much warmer, so that Portland has some very hot days, such as are 
almost unknown at Eastport, and uncommon at Bar Harbor. The 
variations in the weather, according to the seasons, are similar to those 
of Nova Scotia, but the early summer is drier ed warmer, and the 
cold season somewhat: less stormy. Accommodations are in general 
better than in the Maritime Provinces. Sometimes they are indeed 
first class, a point of no little importance in the selection of a health 
resort. As i in most of New England, the worst month of the year is 
April. 
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The Mountains of Northern New+England.—Here the variety of — 
resorts is very great, and the visitor may select anything from the pala- 
tial and fashionable hostelry to the primitive cabin in the wilderness 
of northernmost Maine. Some sections are partially cultivated; 
others consist chiefly of bare or wooded mountain side. Others again 
present a tangle of forest, lakes, and trout streams. The higher 
resorts, at elevations above 1,200 to 1,400 feet, form the favorite 
refuge for victims of hay fever. Black flies and mosquitoes are trouble- 
some in June and early July in the heavily forested sections, less so 
in the open country; the best season is later, until mid-September, after 
which date heavy night frosts with occasional snow flurries are 
common. The winter is too cold for infants and young children, since 
at this season there is a large proportion of below zero weather and 
an excess of heavy snowfalls. The early spring, which usually does 
not begin before April, is the worst season of all, on account of the sudden 
melting of several feet of snow. 

Among the resorts in this section may be mentioned the lake region 
of northern Maine, which is still a thorough wilderness, the semi- 
cultivated but otherwise similar interior of southern Maine, the White 
Mountains and their foothills in New Hampshire, and the Green 
Mountains in Vermont. In all these sections accommodations’ of 
every class abound. 

The Coast from New Hampshire to Long Island.—Here we gradu- 
ally leave the cool summers of the northeast coast. The tempera- 
ture, however, remains, on the whole, fairly low as far as Boston, south 
of which we begin to note a tendency to sultriness, which steadily in- 
creases as we approach New York City. In this district the situation 
with respect to the sea-breeze becomes of prime importance; localities 
facing east and south are much cooler than those facing west and north. 
Thus, the south shore of Massachusetts Bay has a hotter summer than 
the Cape Cod peninsula and the stations on Buzzard’s and Narragan- 
sett Bays; similarly, the ocean side of Long Island is preferable to the 
Sound side, which is also inferior to the Connecticut shore. On the 
outlying islands of Block Island, Nantucket and Martha’s Vineyard, 
high temperatures are unknown, but the nights are no longer very cool, 
so that the climate is somewhat enervating to older children. Mild 
_ malaria exists in the marshy districts of this region, which, aside from 
the annoyance of mosquitoes, makes it advisable to avoid them. 

AS we go south, the winter becomes steadily milder. In ordinary 
seasons, the coast from Nantucket to N ew York, where marine 
influence is most manifest, usually experiences an open winter. Here 
zero weather is rare, but the outer islands, because of high winds and 
severe storms, are rendered quite unsuitable to a winter sojourn. 
Westward, these disagreeable conditions are less in evidence; the per- 
centage of winter sunshine is high, and the climate in general approxi- 
mates that of the New J ersey coast. 

The objectionable northeast winds of spring become less trying, as. 
we go south and west from Boston, though on Long Island the transi- 


HEALTH RESORTS 1159 


tional month of March, with its uncertain mixture of winter and 
spring, is the worst of the year. September and October are very 
fine in this section, with some hot days in the former month; southward 
November also affords good weather in ordinary years, as the winter 
does not usually set in before December. 

’ This region abounds in accommodations of every grade, suitable to 
every purse. The outer suburbs of the great cities are particularly to 
be recommended as health resorts or permanent abodes for children. 

The Adirondack Mountains.—The mountainous parts of northern 
New York closely resemble those of northern New England, not so 
much the semi-cultivated country of Vermont and New Hampshire, 
as the lake-strewn wilderness of northern Maine.. The climate of 
the two regions is identical.. Saranac Lake is practically a vast 
sanatorium for the tuberculous; and thus keeps most of these patients 
away from other resorts that are quite as attractive. On the average, 
the accommodations are somewhat inferior to those of northern New 
England; the fare is not always as good as it should be so that some 
discrimination is necessary. 

The foot hills of the Adirondacks are not as frequented as those of 
the Green and White Mountains, and have a rather warm summer, 
which becomes unpleasantly hot in such low-lying situations as Lakes 
George and Champlain, and Saratoga Springs. 

All the remarks as to the respective merits of the seasons that were 
made concerning the mountains of New England apply equally to the 
Adirondacks. Black flies and mosquitoes are very troublesome until 
the middle of July. 

The St. Lawrence Valley.—This region somewhat resembles the 
last, except that the winter is still colder. Along the river itself, from 
the Thousand Islands to Quebec, the summer is rather warm. Below 
Quebec it rapidly grows colder, and beyond the mouth of the Saguenay 
River it is, even in August, too raw for young children. Good 
accommodations are obtainable only at a few points outside the larger 
cities; the low-priced resorts are apt to be decidedly primitive. 

The Lower Hudson and Connecticut Valleys.—Along these rivers 
there is a large number of resorts, all very warm in midsummer, and 
not sufficiently severe in winter to ensure a permanent snow-covering. 
As we ascend the hills on either side, however, both these objections 
disappear; the Berkshire and Litchfield Hills, as well as the Catskill and 
Shawangunk Mountains, afford hundreds of attractive sites with a 
pleasant climate. The Hudson and Ramapo highlands are pictur- 
esque, but not sufficiently elevated to avoid the summerheat. As these 
regions form the outer fringe of the metropolitan zone, accommodations 
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are increasing in number and improving in quality at a very rapid rate. 
It is best to avoid the favorite stopping-places of motorists, as they 
cater chiefly to transients, and are therefore unsuited to children 
requiring prolonged climatic treatment. 

New Jersey.—Northern New Jersey resembles the last-named 
section, but rarely exceeds 1,000 feet in elevation. It is, therefore, 
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rather hot in midsummer, and neither really cold nor mild in winter. 
The southern part of the state is low, flat, hot in summer and somewhat 
malarious inland, tempered by frequent sea-breezes on the coast. In 
ordinary winters the climate is moderately mild, with very rare zero 
weather and an intermittent snow-covering. On the whole, the 
summer climate is somewhat enervating for older children. The 
autumn months, however, are very fine. The rather mediocre winter 
climate is partially redeemed by a high ratio of sunshine on the coast; 
the spring is damp and, on the whole, the least agreeable season, 
though there are many bright days even in March and April. 

Much has been done to make this region a popular health resort; 
accommodations range from fairly good to luxurious, and are being 
increased annually to meet a steadily growing demand. The New 
Jersey coast presents one of the few intelligent attempts in this country 
to build up a really high grade climatic refuge. 

Central New York and Pennsylvania.—This region presents a 
rolling country, with an elevation ranging from 800 to 1,600 feet, varied 
at its northern edge by the picturesque lakes of central New York. 
In summer the lower levels are rather warm, while the winter in south- 
ern Pennsylvania ceases to afford continuous cold weather and a per- 
manent snow-covering. The extremes are the Pocono region, which 
has a fairly cool summer and a steady winter, and the lower Delaware 
and Susquehanna Valleys, where the summer is apt to be very hot and 
where the late spring and autumn are the best seasons. Good ac- 
commodations, though rather scattered, are increasing. The most 
important consideration for a prospective resort in this region is the 
altitude. 

Maryland, Virginia and West Virginia——Here we are on the thresh- 
old of the South, and must distinguish between summer and winter 
resorts. Hot Springs and White Sulphur Springs offer excellent ac- 
commodations, but are a little too warm for northern visitors in mid- 
summer, and too near the freezing and thawing point in midwinter. 
They are best suited to the spring and fall. In the lowlands we find 
the first really mild winter weather at Norfolk and vicinity, where 
zero is unknown, but where there is still some snow and considerable 
frost. This district is also known as a summer resort, but for southern 
visitors only; for northerners it is, from June to September, decidedly 
too enervating. 

The Lake Region.—Notwithstanding its great extent, only certain 
sections of the Great Lake Region are of value as health resorts. The 
Thousand Islands, in the extreme east, have a moderately warm 
summer and afford good accommodations. The shores of Lake Onta- 
rio offer similar advantages; those of Lake Erie are too warm in 
summer, especially on the American side. Throughout this region 
the winter months afford very little good weather, the ratio of cloudi- 
ness from November to February being the highest in North America. 
The Shores of Lake Huron and Georgian Bay have a cool summer, 
especially on the Canadian side ; the near-by Muskoka Lake region 
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enjoys a fine summer, with a few hot days; the winter is exceptionally 
changeable, even for America, and northward becomes also very cold. 
This entire region is to be recommended only from July to September. 

The shores of Lake Superior vary according to the exposure. The 
north shore is relatively cold at all seasons, with a winter that is quite 
arctic, and affords very limited accommodations.. The same remarks 
apply to the western end, save that there is a lower average of cloudi- 
ness in winter. The south shore has a climate somewhat resembling 
that of the Maine Coast, but colder and gloomier in the winter months. 
On this side of the lake accommodations are better, but the good season 
is almost limited to August, as black flies and mosquitoes are trouble- 
some in the early summer, and September is often rainy. 

The northern end of Lake Michigan is a little milder on the east 
side and drier on the west; the accommodations are very good, making 
this section the favorite summer resort for western tourists. South- 
ward it grows warmer, though frequent lake breezes mitigate the 
summer heat even in Chicago. The springs near Milwaukee, lying 
somewhat inland, are much frequented, but are too warm in summer 
to afford a bracing climate. 

None of the lake resorts are adapted to a stay from November to 
April, inclusive; the winter weather is too stormy, gloomy and change- 
able, and the raw winds of early spring are even worse than those in 
New England. Southward, May becomes pleasant, and there is a 
preponderance of sunny weather almost everywhere from June to 
September. 

The Ohio Valley—This region has little to offer the health seeker, 
save the mineral springs of southern Indiana, where the summer is 
intensely hot, and the winter weather exceedingly variable, with a 
very uncertain snowfall and heavy rains. 

The Upper South.—The southern Appalachians have become very 
‘popular, not solely for the treatment of tuberculosis, for which they 
are only moderately well adapted. The winter weather is unsteady, 
neither really mild nor cold, and the summer is rather hot for northern | 
visitors, though affording welcome relief to residents of the lower 
South. The spring and fall are the best seasons in this region. 
Altitude is very important in summer, when resorts lower than 2,000 
feet should be avoided, at the other seasons this factor becomes much 
less important. Good accommodations are still limited to a few 
localities, as at Asheville, which is much frequented by tuberculosis 
patients. 

The Lower South.—This region can be recommended only for the 
winter and early spring; from May to October the weather is exceed- 
ingly hot, rainy and malarious; the cooler months are relatively dry, 
with abundant sunshine. In the lowlands of North Carolina the win- 
ter is still moderately cold, with frequent frosts and some snow; in South 
Carolina and Georgia it is milder, though freezing weather is not rare. 
Northern Florida and the middle Gulf Coast are almost subtropical, 
~ but nevertheless present all the irregularities of the southeastern win-* 
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ter. In fact, this region is better suited to the period from late 
February until mid-April than to the true winter season, when the 
visitor is apt to encounter a frequent and perilous alternation of heat 
and frost, as warm and cold waves follow one another. The lower 
South presents, in winter, the features of an exaggerated northern 
April, not uniform balminess, as advertised. In early spring, this 
climate is rather good; March in Georgia resembles April in Virginia 
and May in New England, but with less tendency to sudden changes. 

The Florida Peninsula——The commonest mistake is to speak of 
Florida as if it had one climate, whereas the winters of Jacksonville 
and Key West differ.on the average by 15 degrees, and in their 
extreme cold by 25 to 30 degrees. At the former place, January 
resembles early May in New York, with hard-frosts more appropri- 
ate to March than May; at Key West, January resembles the N ew York 
June, and is actually quite tropical, save for a few chilly spring-like days. 

The second mistake is to delay the southern tour until the latter 
part of the winter, say February, and then transport the patient from 
Boston or Chicago without a break in the journey to Palm Beach or 
Miami, where the temperature is about 40 degrees warmer than the 
one he left behind him. Some days after arrival, when the process of — 
enervation is fairly started, the patient is surprised by a norther, with 
a temperature near the freezing-point, and runs a good chance of con- 
tracting a severe cold. An unusual season—the ordinary mixed 
weather of our Southeast is always called unusual for the benefit of 
visitors—is apt to leave the patient worse off than before. Fortu- 
nately, it is not the rule to return the patient directly home at the end 
of the far southern season, about April 1, but to travel northward 
gradually, choosing an intermediate station for the month of April, so 
as to avoid the inclemencies of early spring in the north. 

The third error, a common one, consists in keeping the patient 
in this increasingly warm and moist climate until April or May. 
Enervation is the chief danger to be apprehended; it is quite certain to 
be accomplished by a prolonged residence in this region; for this reason, 
the absolutely tropical but still changeable winter of Key West is best 
avoided altogether. 

On the whole, in the treatment of disease, the upper South is often 
to be preferred to the lower South, and this in turn to the Florida 
peninsula. This rule, of course, admits of many exceptions, but 
experience will nevertheless bear out the general statement. Further- 
more, there is little doubt of the inferiority of our southeastern climate — 
to that of southern California or the western Riviera, its chief merit 
being its relative accessibility from our eastern cities. 

Throughout our Southeast, good accommodations are fairly plenti- 
ful, but expensive. Medium priced facilities, as regards both fare and 
general hygiene, will usually be found inferior to corresponding ones 
in the northeastern states. 

The Bermudas and West Indies,—What has been said of the 
-Florida peninsula applies here even in a higher degree. There is indeed 
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an absence of the sudden changes that characterize the winter on the 
mainland, but the even, moist warmth causes enervation even more 
readily. It is worth mentioning, however, that this defect has long 
been recognized. Bermuda, from December to April, inclusive, is not 
very warm, the day temperature averaging only about 70 degrees, but 
the West Indian winter is from 10 to 15 degrees warmer, and therefore 
absolutely unsuited to the therapy of infancy and childhood. 

The Mississippi Valley.—This region is of little value for our pur- 
pose. ‘The winter climate is excessively changeable, while the summer, 
from Illinois and Missouri southward, is very hot and malarious. 
Almost the only health resort in the section is Hot Springs, Arkansas, 
where the climate is pleasant only in the spring and fall. 

The Great Plains.—When the Great Plains were first settled, 
much was said about their healthful climate, but we hear little of that 
today. ‘The Canadian Northwest, however, enjoys a bracing summer. 
This is also true, to a less extent, of North Dakota and eastern Mon- 
tana; farther south, the summer climate becomes oppressive, as the 
moderately low humidity does not fully compensate for the high range 
of the thermometer. The winter is excessively cold in the north and 
very changeable everywhere. Altogether, the blizzards of winter and 
the hot winds and tornadoes of the warmer months render the plains 
from South Dakota to Texas unsuitable as health resorts. Further- 
more, from Kansas southward the dryness is not sufficient to prevent 
the occurrence of pernicious forms of malaria. 

The Rocky Mountains.—In the following account we shall omit the 
southern Rocky Mountain region, which merits special consideration. 
In the Canadian Rockies, the summer is very cool and pleasant, while 
the winter, considering the altitude, is mild and considerably warmer 
than on the Plains. In fact, it is more like the winter of the New 
England mountains, except that the snowfall is much lighter. Some 
winters are almost arctic in their severity, whereas others are markedly 
tempered by frequent warm Chinook winds. The more uniform cold 
of the. northeastern winter is often absent. In this section, which 
rivals the Alps in picturesqueness, the railways have furnished good 
accommodations at a number of points. 

Not greatly inferior are the resorts of western Montana and north- 
ern Wyoming, notably the National Glacier and Yellowstone Parks, 
which are open only insummer. Their climate is slightly warmer than 
that of the Canadian Rockies, and the accommodations are very good. 
Southern Wyoming, with a somewhat warmer and sunnier climate, 
does not as yet supply adequate facilities for health seekers. 

Colorado does not afford a really cold winter, save in exceptional 
seasons or at very high altitudes, and the summer, at ordinary eleva- 
tions, is rather warm, though the low humidity renders even tempera- 
tures above 90 degrees quite endurable. Moderate rains, falling 
~ mostly in scattered showers, occur from April until September; the 
precipitation during the cold months is very light, so that there is no 
slushy snow-melting season in the spring, as in the northeastern hills 
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or the Alps. Good accommodations are readily obtainable in many 
sections of Colorado, but the eastern foot of the Rocky Mountains 
ranks highest in popular favor. 

In Nevada and Utah—the Great Basin—the dry and rainy seasons 
are reversed. The winter is less sunny than in Colorado, and brings 
some rain and snow. From June until October almost absolute 
drought prevails, converting the country into a dusty desert. These 
conditions render those states less desirable for health seekers than 
Colorado, though here also a low humidity compensates for rather high 
afternoon temperatures. In Utah and Nevada the weather, especially 
in winter, is far less changeable than on the eastern slope of the Rockies. 

The Arid Southwest.—The higher resorts of New Mexico and 
Arizona afford a moderately cold and very dry winter, an almost 
rainless and windy spring, moderate heat with frequent showers from 
July to September, and a wonderfully pleasant and dry late autumn. 
At altitudes below 5,000 feet, the summer becomes a little too warm; 
below 3,000 feet the temperature often exceeds 100 degrees, and the 
winter becomes spring-like. Accommodations at levels of 4,000 to 
7,000 feet are rapidly improving at a number of places in New Mexico, 
so that this state bids fair to rival Colorado in popularity. 

The lower altitudes of Arizona afford one of the best warm and dry 
winter climates, with a great daily range of temperature, but little 
variation from day to day. The summer, however, is excessively hot, 
and the humidity is not especially low during July and August, so that 
the heat is quite intolerable. Good accommodations at the moderately 
low levels are rare in Arizona outside of Phoenix and Tucson, and the 
Grand Canyon at 7,000 feet. 

Owing to political and social conditions, the fine and mild winter 
climate of the Mexican plateau is at present unavailable for health 
seekers. This country, however, remains a promising and almost 
virgin field for future enterprise. 

Southern California——The southwestern corner of California has 
one of the finest climates in the world, with only a tendency to drought 
to detract from its many charms. On the islands the temperature of 
the rainless summer is continuously spring-like; on and near the coast 
the summer is varied with a few hot but dry days; inland, as far as 
the coast range, the summer days are warm, but the nights are cool. 
In winter, temperatures below freezing are extremely rare, except in 
the interior; moderate rains fall from November until April; snow is 
almost unknown. This climate is at its best in the rainy season, for 
the summer is very dusty, even at the cooler maritime stations. Here, 
afternoon fogs are frequent. Accommodations are plentiful and 
excellent, but prices have risen considerably in recent years. 

Southeastern California is desert-like, resembling the lowlands of 
Arizona in its mild and dry winter, and its intolerably hot summer. 

Middle and Northern California——The coast of middle California 
resembles the preceding in winter, but is a few degrees cooler and far 
more rainy, though there is ample sunshine between the wet spells; 


HEALTH RESORTS 1165. 


farther north the winter is still quite mild, but becomes intolerably 
rainy and stormy, so that it is unsuited to our purposes. The interior 
of central California is not much colder. There are frequent rains 
here, but also many sunny days. In summer, the coast of middle and 
northern California is very cool, windy and foggy, actually feeling 
colder than the winter, though the thermometer ranges from 6 to 10 
degrees higher in July than in January. As we go inland, however, 
the summer grows steadily warmer, becoming. very hot and dry and 
somewhat malarious in the great central valleys. June to September 
are almost rainless in central and northern California also, and these 
months are therefore very dusty. 

Middle California offers a good climate for health seekers from 
November until May, but northern California is too stormy on the 
coast, and is also rather wet in midwinter in the interior; in the latter, 
however, the spring months are very agreeable. Accommodations of 
every grade are abundant along the coast from San Francisco Bay 
southward, less so in the interior or the northern parts of the state, 
which are climatically less desirable. 

Oregon and Washington.—The coast climate of these states 
resembles that of northern California, except that it is even stormier 
and rainier from October until May, with occasional sharpfrosts. The 
summer is cold, damp, foggy and windy, and no longer quite free from 
rain. This section, therefore, cannot be recommended as a health 
resort. 

The interior of western Oregon and Washington is similar to the 
coast in winter, with a few really cold days, and occasional snow- 
storms. July and August are fine, with little rain, some hot days, but 

invariably cool nights, thus affording one of the best summer climates 
of the United States, superior even to that of the northeastern moun- 
tains. Good accommodations are mostly limited to the larger cities 
nd their environs. : 
5 East of the Cascade Mountains the climate is much drier and more 
changeable, resembling that of the Great Basin. The winter is moder- 
ately cold, with some rain and snow. The summer is very dry and 
sunny, rather hot at low levels, but pleasantly cool at elevations of 
2,000 feet and over. Outside of the larger towns there are practically 
no accommodations for health seekers. 
The North Pacific Region.—Except in the sections near Victoria 
and Vancouver, the north Pacific coast has nothing to offer us. The 
climate throughout the year is chilly, bese ee really cold and 
xcept in midsummer, is wet and gloomy. } | 
vase ene af British Columbia resembles eastern Washington, 
but is somewhat colder, being farther north. At high levels we find 
the cold and bracing climate of the Canadian Rockies, with a heavy 
snowfall during half the year; at the low levels along the Fraser River, 
the summer is dry and very warm. Accommodations in this region are 
still very scanty, except along the Canadian Pacific Railway. Sp: 
Southern Alaska is too cold and wet for the health seeker, an e 
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facilities afforded by the steamers plying between the northwestern 
cities and the Alaskan coasts and islands are not well adapted even to 
such children as might be benefited by a sea voyage. : 

Foreign Resorts.—With the cessation of the Great War, a number 
of foreign resorts have again come into favor because of their incon- 
testable climatic merits and superior accommodations. We may 
therefore devote a few paragraphs to the resorts of western Europe, 
central Europe, and the Mediterranean region. 

Norway and Sweden are known to us chiefly through the popular 
trip tothe North Cape, which involves a rather rough voyage that unfits 
it for young children. The climate of the Norwegian coast closely re- 
sembles that of Alaska. The interior of the Scandinavian peninsula 
is almost unknown to medical climatologists, though its fine summer, 
resembling that of interior Maine or New Brunswick, entitles it to 
some consideration. Accommodations are fair to good, and usually 
reasonable in price. ‘ 

The British Isles afford a climate very much like that of the Puget 
Sound and Vancouver regions, with a somewhat rainier summer, and a 
very mild winter along the Channel and in western Ireland, where 
frost and snow are uncommon. These favored localities also enjoy 
relatively abundant sunshine, which, however, is not saying a great 
deal, as excessive cloudiness and frequent rains form standing objec- 
tions to the British climate, especially in the autumn and winter. 

Western France presents a climate very much like that of western 
Oregon. The summer is somewhat rainier, except in the south near 
the Spanish frontier, where exceedingly popular health resorts have 
sprung up, both on the coast and in the foot-hills of the Pyrenees. The 
interior of France has a more extreme climate, and does not offer us - 
anything special, except at certain well known mineral springs, such 
as Vichy and Aix-les-Bains. 

The Atlantic Coast of Spain and Portugal resembles the California 
coast in climate, but affords good accommodations only at few localities.. 
Madeira and the Canaries somewhat resemble the Bermudas in the 
winter months, but the summer is far drier and much cooler, so that 
these islands are good year-round resorts, whereas the Bermudas are 
exceedingly warm and humid from May to October inclusive. . 

Central Europe.—The mountains of central Europe have deserv- 
edly become the world’s favorite playground and health resort; 
their natural advantages, only in part climatic, have been enhanced by 
enterprise and no little government aid, so that the visitor is made 
comfortable in ways of which American resort proprietors know only 
the veriest rudiments. This region includes southern Germany 
Switzerland, Austria, and Czechoslovakia. At medium elevations 
the climate rather closely resembles that of our northern Allegha- 
nies, but -is a little cooler in summer and considerably less severe 
in winter, when there is an abundant snowfall in ordinary seasons. At 
high elevations, we have the climate of the Canadian Rockies, with 
rather more moisture. Certain Alpine valleys are warmed by so-called 
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foehn winds, the prototype of our western Chinook. The southern 
foot of the Alps must be differentiated from the remainder of this 
region because of its warm summer and usually open winter: Here we 
have conditions much like those of the southern Alleghanies, but at a 
lower altitude. 

Spain.—Excepting for its northwestern coast, Spain has a typical 
Mediterranean climate, with wet winters and dry summers. On the 
plateau the climate recalls that of Utah and Nevada, with a some- 
what milder winter. Along the southern and eastern coasts, we are 
reminded of interior California by the mild winter, with its irregular 
rains, and the high temperatures and drought of summer. Accommo- 
dations are not good except at a few stations like Malaga and Gibraltar. 

Mediterranean France, not including the Riviera, resembles the 
adjoining coast of Spain, except that the winter is somewhat colder and 
suffers from frequent high and sharp mistral winds, resembling the 
northers of our gulf states. This region cannot be recommended to 
invalids. 

The Riviera.—This remarkable strip of coast owes its phenomenally 
mild winter to the shelter afforded by the Maritime Alps and Apen- 
nines, the section from Cannes to Genoa being specially favored. The 
winter is, however, not quite so mild as in southern California, for 
there is occasional snow, and the temperature not very rarely falls 
below the freezing-point. On the other hand, a comparison with the 
coast of South Carolina, which has almost the same average winter 
‘temperature, is very much against the American resort, where the 
weather changes are much more frequent and extreme. The summer 
months along the Riviera are not especially hot, and health seekers 
may find the entire period from October to May enjoyable. 

The Peninsula of Italy shows a gradual moderating of the winter as 
we advance southward from the rather extreme climate of the Po valley 
and Venice, but the mildness of the Riviera is not attained north of 
Naples. The interior of the mountainous peninsula has a rather cold 
winter, with plenty of rain and snow. North of Naples the only good 
seasons are the spring and late fall, as there is a great deal of malaria. 
from July to October. In southern Italy the winter is pleasant and 
very equable, but good accommodations are available only in Naples 
and its vicinity. shy : 

Sicily has a winter climate almost identical with that of southern 
California and can be safely recommended from December until April, 
inclusive. Malta is still milder, and free from frost and. snow, which 
are not altogether unknown in Sicily. : 

Algeria affords a number of good winter resorts of two different 
types. The coastal stations have a California winter and spring, at 
‘east until May. Biskra, at the edge of the desert, offers a climate 
very much like the climate of the Arizona desert lowlands, including 
the terrific summer heat, the dryness throughout the year, and the 


scanty rainfall. 


Egypt, except in the lower Nile Delta, has a very dry, almost rain- 
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less climate, which is at its best from December to March. Hot winds, 
which are a feature ‘in the spring, are very trying from April to June, 
then a summer sets in that recalls the most arid districts of our 
Southwest. The winter temperature resembles that of the lowest 
levels of Arizona, but the cloudiness is somewhat greater in lower 
Egypt, where there is some rain in the coolest months. 

By way of a summary, we may record the following concise climatic 
classification of the health resorts mentioned in the preceding pages. 

I. Hot and moist. The West Indies, the Florida Keys. 

II. Warm and moist. The coast from Charleston to beyond the 
Rio Grande; Florida except the extreme south; the coast of southern 
California, the Bermudas, the coast of Portugal and southern Spain, 
Madeira and the Canaries, Sicily, the coasts of Algeria and Egypt. 

III. Warm and dry. Southwestern Texas, the Mexican plateau, 
the lowlands of Arizona and southeastern California, the Algerian 
Sahara, nearly all of Egypt. 

IV. Very temperate and moist. The coast of California from 
Santa Barbara to San Francisco, the south Californian islands. 

V. Warm temperate and moist. The remainder of the south- 
eastern states, Spain except the extreme south, southern France, Italy. 
The Spanish plateau is dry in summer, the Mediterranean coasts are 
moist, but with little rain. 

VI. Warm temperate and dry. Moderate elevations in the arid 
Southwest, the Great Valley of California; the latter is moist in winter. 

VII. Cool temperate and moist. The northeastern states, except 
the mountains, the northern parts of the Lake Region, and the entire 
state of Maine. 

VIII. Cool temperate and dry. Moderate elevations in the Rocky 
Mountains north of New Mexico and Arizona. 

IX. Cool and moist. Nearly all of Canada, Maine, the northern 
Alleghanies, the northern parts of the Lake Region, western Washing- 
ton and Oregon, British Columbia; the lowlands and moderate eleva- 
tions of western and central Europe. 

X. Cool and dry. High altitudes in the Rocky Mountains up to 
the tree line. 

XI. Cold and moist. Elevations above the tree line in both 
continents. 


APPLIED CLIMATOTHERAPY 
SEASONAL CLIMATOTHERAPY 


It is often desirable to give climatic treatment to children who are 
not actually ill, to employ it as a prophylactic or merely to subject 
patients to better atmospheric surroundings. In addition, removal to 
another climate may also be a means of avoiding objectionable home 
conditions. We may therefore briefly consider what may be called 
seasonal climatotherapy. 

Summer Resorts.—Occasional hot weather is not in itself injurious 
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to infants and very young children, provided the general hygiene as to 
pure air and clean food is free from reproach. There is no occasion for 
an especially high infant morbidity during summer even in our large 
cities, whereas in the country the summer is the most healthful season 
of the year. Nearly all our rural resorts are beneficial to infants. In 
fact, babies thrive in localities where adults are oppressed by the heat 
and humidity. Sometimes, however, a change of air is desirable for 
infants, as it often is for older children, so that the following observa- 
tions may be useful. 

During the infant’s first summer, the seashore is particularly bene- 
ficial because of the relatively even temperature and the pure air from 
the ocean. At this age a moderately high temperature is not objection- 
able. The somewhat sultry summer of Long Island and New Jersey 
seems to be the very thing for young infants, who, at such northern 
resorts as the Maine coast, require protection from the chilly sea-fogs. 
The Pacific states offer more limited facilities, as their seashore, north 
of Santa Barbara, is too cold, foggy and windy for infants. The 
sheltered semi-inland localities are, therefore, preferable. Residents 
of the middle West will find a fair substitute for the seaside on the 
eastern, that is the cooler and breezier shores of the Great Lakes. 
During the infant’s second summer, we may choose the cooler seaside 
and lakeside resorts, as a little climatic hardening will then not come 
amiss. 

As to inland summer resorts, the rather warm lowland stations of 
the middle states are very well suited to the young infant, but are not 
sufficiently bracing after the second summer, when the child is able 
to indulge in exercise. As the summer is the best season for initiating 
a systematic course of hardening, it is best to select for these months a 
mountain resort, where the days are moderately warm, but the nights 
cool. High altitudes are not. directly contraindicated even in early 
infancy, save that very elevated stations are usually too cool for the 
very young; this applies particularly to the Alps and northern Rockies; 
in the middle and southern Rocky Mountains, as in Colorado, the 
summers are quite warm, even at an elevation of 6,000 feet. 

Winter Resorts.—In selecting a winter resort it is well to set out 
with the understanding that no system of hardening is to be inaugu- 
rated at this season. Even in distinctly southerly regions, the winter 
months are characterized by sudden temperature changes, frequent 
frost and occasional snow. It seems hardly worth while to transport a 
child to a climate that differs from its native surroundings only by 
some 5 or 10 degrees in temperature, and by little or nothing in 
general type. AG: 

One point, however, is worth considering. In the Lake Region, 
the upper Ohio Valley, much of the hilly Northeast, and all of the far 
Northwest, the winter months afford barely 20 to 30 per cent. of the 
possible amount of sunshine, whereas the middle Atlantic coast has 
50, Florida 60, and Colorado and southern California have 70 per cent. 
Removal from the Lake Region to Long Island or New Jersey involves 
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far more than the difference of a few degrees in temperature, and can- 
not fail to be beneficial, especially to children below the school age, who 
at home are too often kept indoors by bad weather. 

Aside from the consideration just noted, we need regard only such 
winter climates as have a decidedly spring-like temperature and plenty 
of sunny days. Among these southern California ranks first. There 
the winter is rather finer than the eastern October. It affords bright. 
sunshine two-thirds of the time, an agreeably bracing temperature, and 
usually sufficient rain to lay the dust. The winter climate of the 
Riviera and southern Italy, with barely 50 per cent. of sunshine and a 
good deal of rain, is somewhat cooler. This climate involves a very 
mild degree of hardening, as the average temperature is decidedly 
April-like. Both the regions mentioned, however, are superior to our 
own Southeast, where, from North Carolina to northern Florida, the 
weather is too changeable and in the extreme south somewhat ener- 
vating. This section has, on the other hand, the great merit of accessi- 
bility from our great eastern cities. The winter visitor to this region 
must take along both light and heavy clothing, and be prepared to 
adapt himself on short notice from June to March weather. 

The cold winter resorts, especially such subarctic winters as prevail 
in our northern mountains and in most of Canada, are not suited to 
infants and young children, who stand severe cold badly. The dry, 
sunny, and only moderately cold winter of Colorado and New Mexico 
is less objectionable, and is certainly beneficial to older children who 
are in need of hardening. Experience drawn from the climatic treat- 
ment of adults should not control our procedure when we come to 
handle very young patients, whose requirements are different. 

Spring Resorts.—The principles guiding us in the selection of 
winter resorts apply also to early spring. Such subtropical regions as. 
southern Florida and Egypt become too warm by the end of March, 
but most of the remaining winter stations are really at their best in 
March and April, and are particularly to be recommended as inter- 
mediate stopping-places, before returning the patient to his northern 
home, where settled spring weather often does not set in until May. 

It is not easy to strike a balance between the respective merits and 
defects of seaside and inland spring resorts. The former are less 
rainy, paradoxical as it may seem. They are cooler and windier, but 
far less subject to sudden temperature changes. Probably the semi- 
inland resorts, such as the lowland localities from New Jersey to North 
Carolina, as well as southern California away from the coast, are most. 
desirable of all. 

Autumn Resorts.—There is little occasion for going into details in 
this connection. Since the autumn climate of most of the United 
States and Canada is all that could be desired, not much can be gained 
by a change of air. It is sufficient to note that September is a typical 
summer month southward, whereas northward November becomes 
somewhat wintry, so that these months, in the regions mentioned, may 
suggest the advisability of removal to a more temperate region. In 
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general, it may be said that a change of climate is rarely indicated at 
this season of the year. . 


SPECIAL CLIMATOTHERAPY 


Climatotherapy belongs in the main to the field of general, as 
opposed to special therapeutics, so that the general condition of the 
patient must guide us even in the treatment of specific disease. At 
the same time, we are often enabled to direct our measures toward a 
definite symptom or syndrome, so that different diseases call for 
management along different lines. We may begin with the treatment 
of constitutional disorders. 

Malnutrition——Under this head we include imperfect convales- 
cence following acute or chronic disease. The patient’s weight is 
below normal, his resistance to cold is lowered, the visceral functions 
are more or less impaired, but there is no evidence of any organic or 
infectious disease. These patients at first react poorly to hardening 
procedures, and do best in a rather warm climate, where there is plenty 
of sunshine, permitting some moderate outdoor exercise. For the 
winter season, California, the Riviera, or northern Florida afford the 
best surroundings. Southern Florida and the Bermudas are too ener- 
vating for most of these cases, and are suited only to a temporary stay 
for greatly enfeebled or very young children. For the summer, we 
should avoid the more sultry seaside and inland resorts, as well as very 
elevated and Alpine mountain stations. The New England coast and 
the colder Great Lakes resorts suit many cases, but the mountains of 
New York and New England are best of all, even for the very young. 
These patients are greatly benefited by removal to the middle and 
south Atlantic coasts during the uncertain and often inclement 
early spring months. , 

Rickets.—Here we encounter a highly specialized nutritional 
deficiency, which requires management differing decidedly from that 
adapted to general malnutrition. Many rachitic children are fat and 
tolerate low temperatures fairly well: it is evident that these can be 
subjected to a more strenuous regime. . 

It is generally admitted that the lack of fresh air is a predisposing 
factor in the etiology of rickets. Outdoor life, therefore, constitutes 
an important element in treatment, so that it is always helpful to 
remove the patient from a wet and gloomy climate. High tempera- 
tures are undesirable, because they tend to enervation, thereby, failing 
to contribute the hardening that is part of the treatment of rickets. In 
selecting a climate for the winter and early spring, abundant sunshine 
and & moderately low temperature are the prime desiderata. _ These 
are readily obtained on our eastern coast from New Jersey to Virginia. . 
The South Atlantic coast is too warm, California too equable, and the 
interior of the South too changeable and not sufficiently sunny. These 
children can be taken out of doors at temperatures far below the freez- 
ing point, though very young patients, especially infants, require 
shelter from high winds. 
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In summer, rachitic children invariably do best at rather cool 
resorts. The coast of southern New England ranks first in this regard, 
the Maine coast standing a close second, except for delicate subjects. 
The colder parts of the Lake Region and our eastern mountain resorts 
also suit these cases well. Colorado is fairly good for such children as 
are not excessively anemic, but the high Alpine stations and the 
Canadian Rockies afford a climate that is too strenuous for many. 
Some hardening is, however, essential, and low-lying inland resorts 
should be avoided. 

Anemia.—Most cases of anemia in children are merely phases of 
the two preceding affections, for which the climatic treatment has just 
been discussed. The severer grades of anemia, however, call for some 
modifications. We -have already discussed the stimulating effects of 
altitudes on the hematopoietic system. Opinions are divided as to 
sending anemic children to high elevations. Some authorities con- 
sider this stimulus the very thing to be desired, sending their patients 
to the highest available resort. In practice, however, this method 
does not always work out well; this is particularly true of elevations 
above 3,000 feet, where many patients suffer from nervous irritability 
and insomnia. On the other hand, many mild cases of anemia, with 
more than 70 per cent. of hemoglobin, undoubtedly do well at high 
altitudes, whereas the severest types, with less than 50 per cent., should 
undergo at least preliminary treatment at levels below 3,000 feet and 
in rather warm climates, as hardening is not advisable to begin with. 

The Rheumatoid Diseases.—This miscellaneous group, so diverse 
in pathology, may be treated under one heading, so far as concerns 
climatic treatment. It is an everyday experience that cold and damp- 
ness affect these patients very unfavorably; the indication, therefore, 
is removal to a region that is both dry and warm, the latter being the 
more indispensable, since the patient is not able to take much exercise. 

In winter these cases do best in subtropical and arid climates, such 
as is found in Egypt, away from the coast, and in the lowlands of 
Arizona and southern California. South Florida is decidedly a sec- 
ond choice. Most of the other subtropical stations have a high humid- 
ity, and sultriness is not desirable, as tending to enervation. In 
summer, many desirable climates afford opportunity for balneological 
treatment. Among these may be mentioned the hill country from 
central New York to Virginia, the lesser elevations (4,000 to 5,000 feet) 
in the Rocky Mountains, and the mountain regions of central and 
western Europe. Owing to the impediments to muscular exercise, 
decidedly warm climates are well tolerated by rheumatic children, 
provided the humidity is reasonably low. Seaside and lakeside 
resorts should be avoided, even small lakes, especially in forested 
regions, which are the source of much dampness during the night 
and early morning. Low valleys are also invariably damper at night 
than plateaus and mountain slopes. 

Nephritis——The chronic forms of nephritis form an attractive 
and profitable field for climatotherapy; few other diseases show so 
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great a response to removal from a severe to a genial region. The 
indication consists in the avoidance of cold, especially damp cold. It 
should be our endeavor to spare the diseased kidneys as much as 
possible by promoting gentle and continuous diaphorésis, and 
the best diaphoretic known is warm and dry weather. 

For the winter, such resorts as southern Arizona and Egypt rank 
highest, but since a moderate humidity is not objectionable, south- 
western California, Bermuda, Madeira and the warmest Mediterranean 
stations answer our purpose well. Our South Atlantic coast and the 
Riviera are somewhat inferior to the above, as they occasionally 
experience spells of wet and cold weather. They are better suited to 
the transitional season of early spring. We should avoid returning 
nephritic patients to their bleak native climate before settled spring 
weather has arrived, say mid-April in Washington and Cincinnati and 
early May in Boston and Chicago. 

In summer the problem is easy. Any warm and moderately dry 
climate is suitable. The seaside and the shores of the Great Lakes are 
objectionable only where fogs and chilly spells are frequent: such 
localities as the coast of New Jersey or the west shore of Lake Michigan 
are very good for young patients. As to high altitudes, the opinion of 
most authorities is adverse. This does not, however, apply to children 
native, for example, to Colorado, who are accustomed to high altitudes. 
Moderate elevations seem to be unobjectionable provided the tempera- 
ture is fairly high. ave 

The climatic treatment of chronic pyelitis and pyelonephritis is 
very similar to that of Bright’s disease, but a rather high temperature 
is still more necessary, in order to spare the renal functions. 

Diarrheal Diseases.—The relation between these diseases and hot 
weather is less intimate than was formerly supposed; nevertheless, 
there is no doubt of the predisposing influence of heat and a high 
percentage of humidity in favoring the chief exciting cause, namely, 
the putrefaction of milk and other food. If the food supply is kept 
up to a high standard; the incidence of diarrheal diseases can be kept. . 
low even in the hottest climate. 

If, on the other hand, we are confronted with a case of so-called 
summer diarrhea, climatic treatment, when given in conjunction with 
the necessary dietary correctives, becomes invaluable. As has ee 
suggested, it is not necessary to remove the patient to a much coo a 
climate; all that is needed is a rural locality where the nights ae no 
oppressive. In fact, a resort only a few miles outside of the city pls 
may be perfectly adequate. Of course, transportation toa really coo 
mountain station will be more rapidly effective, often curing the patient 
i oe Barone forms of diarrheal disease, which are relatively 
common in older children as well as infants, require ee 
more strenuous. lines. Even for very young subjects, a decide ei 
cool summer climate is desirable; still more for older children, vi 0) 
should preferably be sent to. some mountain resort of northern ew: 
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York or New England, with the Maine coast and northern Michigan 
as second choice. The lower levels of the middle states, as well as the 
shores of Long Island and New Jersey, are too warm and sultry in July 
and August for the best results. More important than climate is a 
proper dietary, and in selecting a health resort for intestinal cases, the 
medical adviser will have to consider both factors, the second being 
generally the more difficult to determine; this accounts for the popularity 
in the past of western and central Europe, where the accommodatious 
and fare were effective auxiliaries to the agreeable summer climate. 

Respiratory Diseases.—Chronic bronchitis without a tuberculous 
basis is not rare in childhood, being often found in connection with 
rickets and the exudative diathesis. It is highly amenable to climatic 
treatment. A mild and moderately humid climate is sure to benefit 
these cases; thus, we may select southern California or the Riviera in 
the winter and early spring, a good second choice being our South 
Atlantic coast, excepting south Florida. A little hardening is not out 
of place in these cases, so that the warmest winter resorts are best 
avoided. In summer these children do best at the seaside, preferably 
north of New Jersey, which is slightly enervating, especially to older 
children. Dry inland climates and dusty regions are injurious to 
these patients. 

Patients with bronchiectasis are to be treated similarly, although 
many authors recommend a dry climate, especially if occasional 
showers prevent excessive dustiness, as in the summer in Colorado and 
New Mexico. There is no doubt that many patients are benefited by 
a climate of this type. We must not forget, however, that much 
depends on whether we wish to render the bronchial secretion more 
viscid or more fluid, and that the former is favored by a warm and dry 
climate. We should likewise remember that in the northern winter 
we spend much of the day and all of the night indoors, in an artificially 
warm and very dry climate, which has proved by experience not to 
be beneficial to bronchial trouble. The main indication seems to be a 
- pure, rather moist air, fairly genial in temperature, free from dust, and 
with ample sunshine to encourage life out of doors. 

The above recommendation applies equally to chronic catarrh of 


the upper air passages. Children affected with the exudative diathesis, . 


- who suffer from a tendency to coryza and adenoid growths, do best in a 
warm and moist atmosphere; even a somewhat sultry climate may be 
tried in these cases, especially in very young children, who may be 
referred to subtropical Florida or Bermuda in winter and to the 
Middle Atlantic coast in summer. 1 

No fact in climatotherapy is better established than the harmful- 
ness of very dry and especially dusty climates in chronic non-tubercu- 
lous respiratory disease. 

Unresolved and interstitial pneumonia and prolonged empyema 
often improve rapidly in response to a change of air. We should 
begin, with a rather relaxing cliniate, especially in treating very young 
patients, but must not continue this toolong. A decidedly bracing 
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atmosphere, such as we find in the Carolinas in winter, New Jersey in 
the late spring, and the northern mountains in summer, is valuable as 
an after-cure, particularly in empyema, when suppuration has ceased 
and increased expansion of the compressed lung is desired. 

Pertussis.—Confronted with the doubtful efficacy of the specific 
treatment of pertussis, the practitioner is compelled to resort largely to 
palliative remedies, of which pure air is the best. This presupposes a 
large proportion of fair weather. Many children are deprived of 
relief by an inclement home climate, and require removal to more 
genial surroundings during the cold season. In these cases a very 
mild climate is demanded only for infants and young children; for 
older children the coast of New Jersey or Long Island is sufficiently 
warm and sunny; next to these may be placed the mountain resorts 
from the Virginias southward. Extreme dryness is almost as objec- 
tionable as an excess of rain and cloudiness. A change of climate is 
also valuable in those cases in which the characteristic cough persists 
for weeks and months after the attack of pertussis has run its course; 
here the indications are similar to those noted for chronic bronchitis. 

Hay-fever——Autumnal hay-fever is not rare in older children, 
who require the same treatment as adults. As specific methods are 
still on trial, our most effective procedure for the present consists in 
removal to an immune region. The required elevation, to escape the 
ragweed, which is chiefly responsible for autumnal hay-fever, is 
about 1,500 feet in northern New York and New England, and at least 
2,000 feet in the Catskills and Massachusetts. In some cases various 
resorts must be subjected to the test of individual trial, until the right 
locality is found. 

As to the treatment of the vernal type of hay-fever, climatic treat- 
ment has not yet passed the empirical stage. 

Chronic Heart Disease.—We must set out with the understanding 
that the line between compensated and uncompensated heart lesions 
is less easily drawn in children than in adults; thus the former are in 
more need of periodic supervision, the more so because control of exer- 
cise and avoidance of undue strain are difficult to enforce at an early 
age. Fully compensated mitral cases require chiefly to be guarded 
against enervation, so that an important factor in treatment is the 
selection of a stimulating summer climate, with special regard to cool 
nights. Moderate elevations are quite suitable, though altitudes 

‘above 3,000 feet should be avoided by patients habituated to low levels. 

Unstable compensation, as well as disease of the aortic valve, 
requires more careful handling. These cases are benefited during the 
winter months by removal to a moderate but not enervating climate, 
such as is furnished by southern California, the Riviera, and less 
adequately by our southeastern states north of Florida. The sub- 
tropical climates are too enervating. In summer we may handle these 
cases somewhat as we do the compensated ones, but with a preference 
for very moderate altitudes, such as are found in our northeastern 


mountains. 
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In cardiac insufficiency a restful regime is essential. We are there- 
fore restricted to rather warm climates, where muscular activity may ~ 
be dispensed with, such as southern Florida or the warmest Californian 
and Mediterranean stations for the winter and early spring, and the 
Middle Atlantic coast during the warm months. Similar treatment is 
called for in congenital heart disease, especially if cyanosis is present, 
and the same is true to even a greater degree in the presence of peri- 
cardial adhesions. For the graver forms of heart disease it may be 
advisable, when circumstances permit, to urge permanent removal to 
southwestern California. This is one of the few regions that enjoys a 
good climate the year round. Most mild winter resorts are oppres- 
sively hot in summer, whereas most suitable summer resorts have a 
winter that is too bleak for severe cases of heart disease. 

The Neuroses.—Nervous exhaustion is frequently encountered in 
children, especially at the school age, when it is particularly apt to 
follow severe attacks of one of the infectious diseases. This condition 
should have mild but not enervating treatment to begin with, followed 
about a month later by a removal to a decidedly bracing climate, such 
as New Jersey in winter and the northeastern mountains in summer. 
Similar treatment is indicated in the enervation due to having lived in 
a tropical or subtropical climate, except that it is often advisable to 
cut down the preliminary rest cure. These cases, however, cannot 
be treated according to a general rule, but should be judged indi- 
vidually. Good preventive work can be accomplished by sending 
southern children to some northern resort yearly, as soon as the 
steady hot weather sets in.. 

There is considerable diversity of opinion as to the methods and the 
degree of strenuousness to be pursued in hardening. Should this treat- 
ment be regarded as a prophylactic or therapeutic procedure against 
enervation? In general, it appears that an appropriate change of 
climate is the most easily applied means of hardening, as it can be 
adapted to the individual patient with considerable nicety, and readily 
amended to suit a change of seasons or other conditions. Abrupt 
methods of hardening, still frequently adopted, such as the removal to 
an extremely cold climate, or the provision of insufficient clothing, are 
mentioned here only to be condemned. 

Persistent chorea is often benefited by a climatic treatment similar 
to that outlined for nervous exhaustion. The same may be said of the 
after-treatment of poliomyelitis. In both these diseases the ability 
or inability to take outdoor exercise must be considered individually. 
Such consideration will determine the respective selection of a bracing 
or a very sedative climate. 

Neuralgic affections, which are notoriously aggravated by damp- 
ness, often require a change of climate. Consequently, removal to a 
dry region is likely to be beneficial. .We should avoid the seashore, 
especially in spring and early summer, as well as the heavily wooded 
mountains of our eastern states. Colorado and New Mexico afford a 
climate that is not excessively cold in winter or extremely hot in the 
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summer, and are worth a trial in carefully selected cases. It is well 
not to set too great store by a change of climate. We now under- 
stand that neuralgia is usually a-‘mere symptom of a general or local 
infection which may not be influenced by physical therapy, so that 
climatotherapy in such a case is likely to score a failure. 

! Skin Diseases——Many children who suffer from diseases of the 
skin can be benefited by a change of climate. Some procedures are 
obvious, as removal southward for winter eczema, and transfer to a 
cool region for prickly heat. Not so well known, however, is the fact 
that winter eczema is aggravated by high winds and a low humidity, 
so that its victims are relatively numerous on the immediate sea-coast 
and-on inland plateaus, and may be relieved in damper localities, such 
as the Lake region or the southern Alleghanies. 

Ichthyosis, as is shown by its seasonal variation, is benefited by 
transfer to a warm and moist climate, and becomes worse in cold and 
dry situations. 

As to the exposure of the skin to direct sunlight, employed in helio- 
therapy, it may be noted that distinct benefit is claimed in psoriasis. 
In general, however, we cannot deny its injuriousness. Severe sun- 
burn after undue exposure may occur from early spring on through the 
summer. Such exposure is certain to produce intense dermatitis, 
unless the skin of the patient has become gradually accustomed to the 
powerful chemical action of direct sunlight. It is therefore evident 
that this agent must be employed with caution at all times in warm 
climates and throughout the summer in more temperate regions, 
more especially at high altitudes, where the actinic rays are not 
mitigated by passage through the dense lower atmosphere. 

Scrofulosis and Lymphatism.—Chronic glandular hypertrophy 
of non-tuberculous origin is often benefited by climatic treatment, 
which treatment should consist essentially of gentle but prolonged 
hardening. For scrofulous children most authorities recommend the 
seashore, preferably in rather cool regions, such as the Middle Atlantic 
coast which is quite mild enough during the winter months, and 
preferable to the South Atlantic and Californian litoral. In summer 
we do well to transport the patient to the shores of northern New 
England or the maritime provinces of Canada; at this season the sea- 
side is not quite so essential, and the cooler localities on the Great 
Lakes or in the northern Alleghanies are a good second choice. The 
essential requirements are the absence of sultriness, a high ratio of — 
sunny days, and the opportunity for an almost unlimited outdoor 
Sark altitudes have not proved especially beneficial in infantile 
scrofulosis, so that such regions as Colorado are inferior to those 
suggested above. The winter climate of the interior of the northeast- 
ern states is too severe for very young subjects. There is too much 
zero weather and too much cloudiness to afford a sufficiency of outdoor 
life. In the case of older children, however, these disadvantages are 
of less moment and may usually be disregarded. 


1178 CLIMATOTHERAPY 


Tuberculosis.—Climatic treatment is no longer regarded as the 
most important element in the management of tuberculosis. The 
best results, however, are achieved with the aid of a suitable climate, 
so that this treatment proves a valuable adjunct. Although relaxing 
climates are unquestionably injurious to tuberculous patients, it is not 
essential to go to the opposite extreme. In fact, the routine recom- 
mendation of a subarctic winter resort has been overdone, and there 
is no question as to its unsuitability for young children. However, 
such territory as that ranging from southern New England and New 
Jersey westward through the Ohio Valley, in which the winter tem- 
perature averages around the freezing-point, and in which there is 
more-or less slushy conditions under foot, is less desirable than the 
continuously snowed up sections farther north, or the milder but still 
bracing climate of the upper South. In fact, the greater portion of the 
Lake Region is objectionable, because of its high ratio of cloudiness 

from November until March. 
The fact is, that tuberculous patients have been observed to do 
about equally well in semi-southern winter resorts as in the sub- 
arctic climates of the White Mountains and Adirondacks. This is 
especially true of young children. For the ages beginning at puberty 
and thereafter the extreme hardening regime of the far North is, on 
the other hand, quite effective. 

For the summer months, the necessity of a decidedly cool climate is 
now undisputed. Tuberculous children do best in Canada, northern 
New England and New York, the cooler parts of the Lake Region, and 
the northern Rocky Mountain resorts. Our choice between the moun- 
tains on the one hand, and the sea and lakeside on the other, must be 
determined individually, and, as stated below, according to the type of 
tuberculosis present. 

The majority of tuberculous children exhibit the surgical forms of 
the disease, the lymph-nodes and bones being the organs chiefly 
affected. These types of tuberculosis, including the group known as 
‘tuberculous scrofulosis, require climatic treatment similar to that 
previously outlined for pyogenic scrofulosis, and do best at cool 
seaside resorts enjoying a high percentage of sunshine. Heliotherapy, 
or exposure to direct sunlight, has been extensively employed in this 
group of cases. Satisfactory results have been claimed, though the 
superiority of this method is not yet firmly established and requires 
further trial. The initial exposure should not exceed five to ten 
minutes. Prolonged treatment should not be attempted until the 
patient’s skin is thoroughly tanned by the sun; otherwise a painful 
dermatitis will ensue. We may again note that the action of the 
solar rays is much more intense at high elevations than at the 
sea-level. 

Sufficient time should be allowed for a positive cure to take place. 
The few months formerly granted are quite insufficient, and a minimum 
of one year is none too great. This error makes all the older statis- 
tics worthless as a measure of what can be effected in tuberculosis 
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by climatotherapy, and its elimination fully accounts for the better 
results achieved in recent years. 

Pulmonary tuberculosis of the adult type is rare in young children, 
but becomes increasingly frequent toward puberty. The climatic 
treatment of phthisis in older children is the same as that of similarly 
affected adults, namely, to subject the patient to the most intense 
climatic hardening that he will stand. Inland stations which are more 
or less elevated, with the lowest attainable temperature at all seasons, 
_ are, aS a rule, the most beneficial. A few young children cannot 
stand the intense rigor of our northeastern mountains. For these a 
milder but not warm winter climate is better suited; for example, 
Colorado, New Mexico, or the higher points in the southern Appa- 
lachians. Time is a factor in pulmonary, even more than in surgical, 
tuberculosis. A trial of a few months is merely in the nature of a 
reconnaissance, a preliminary test of the efficiency of climatotherapy 
in the case under consideration. For a real curé a space of at least 
two years should be allowed. Phthisis in children offers a very grave ° 
prognosis in any case, as the young organism resists the invasion of the 
tubercle bacillus with relative feebleness, while the danger of rapid 
extension, or relapse after apparent cure, is much greater than in 
adults. 

Great caution must be exercised with regard to the diagnosis of 
incipiency. Unless this is corroborated by some months of clinical 
observation, as well as by 2-ray studies, it is better, regardless of the 
history and physical findings, to regard supposedly early cases as if 
the disease is well on in the second stage. This is to a large extent 
true of adults and still more so of children, and influences the probable 
duration of treatment very materially. 

Other forms of visceral tuberculosis, such as involvement of the 
kidneys or peritoneum, are to be classed with surgical tuberculosis and 
treated accordingly. Rapidly progressing pulmonary disease is not 
likely to yield to climatotherapy any more than to other treatment, 
which is apt to be as successful at home as elsewhere. 
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CHAPTER XI 
HYGIENE OF CRIPPLED CHILDREN 
By H. Winnett Orr, M.D. 


Liycoin, NEB. 


One of the most interesting and profitable of the newer sociological 
movements is that which has to do with the care of cripples. There 
has been some special provision for the hospital care and training of © 
adult cripples, but in large part the movement is one which has to do 
with the care of children. 

The problem of providing care for cripples is a much larger one 
than at first appears. We find that such provision involves much 
more than simply to provide asylums for those crippled and deformed 
individuals whom we occasionally see on the streets and in other 
public places. Not only do many of our cripples belong to the shut-in 
class, known to few save their families and friends, but there are 
hundreds sick at home or in hospitals suffering from acute or chronic 
deformity producing diseases. It is not generally appreciated how 
many infections there are which, in the absence of special care, lead 
inevitably to crippling or deformity. We have found that not only 
may many of such diseases be cured, but that deformities which have 
existed for some time may be corrected or ameliorated by adequate hospi- 
tal care. It is true also that many of those individuals who are largely 
or wholly dependent for their very existence upon the ministrations 
of those about them can be restored to usefulness and independence by 
combining special education or training with institutional care. The 
solution of the whole problem becomes a task of some difficulty, to be 
sure, but it is one which carries with it very great rewards. It is this 
feeling, no doubt, which has influenced so many people of wealth and 
influence in this country and elsewhere to offer opportunities for the 
eare of such children. 

From the viewpoint simply of loss and gain it has long been 
considered that the education and training of normal children is a 
profitable undertaking for the state. Considering therefore how much 
larger a proportion of the crippled children, unless given the necessary 
training and medical attention, become dependent or are made the 
objects of special care, it is evident that the state is simply using 
ordinary business foresight in erecting suitable hospitals and providing 
the education that will make these cripples partially or wholly inde- 
pendent and self-supporting. 

While much that has so far been accomplished in this country has 
been done with private funds, there are many reasons why the care 
and education of crippled children is naturally a state function. It 
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has long been considered that the education and training of normal 
persons 1s a profitable undertaking for the state, but it is certain that a 
much larger proportion of those who are crippled become dependent if 
not made the object of special care. Economically, therefore, the 
state is simply using ordinary business foresight if by suitable hospital 
care and education these patients are treated and trained so as to 
become partially or wholly independent and self-supporting. 

“The effort to provide properly for the care and education of crip- 
pled children has probably been more energetically exerted in Germany 
than in any other country in the world. The movement started early 
with the foundation of the Munich institution in 1832, and since that 
time the homes have grown steadily in number and the standard of 
work has been raised higher and higher. 

“Furthermore, this movement in behalf of the cripples has been 
an intelligent and concerted one. For several years there has been a 
national society for cripple care, the Verein fir Kriippelfiirsorge. 
Since 1900 there has been published a year book on the subject, the 
Jahrbuch der Kriippelfiirsorge; since 1908 there has been issued an 
excellent quarterly journal dealing with the work, the Zeitschrift fir 
Kriippelfiirsorge. By these means the persons in Germany having in 
charge the care of cripples have been kept thoroughly informed regard- 
ing improvements in methods, and there has been free and constant 
interchange of experience. This feature of the German work should 
be especially suggestive to those in America engaged in the same field. 

“The greatest possible aid to the development of the work in 
Germany was derived from a census of all the crippled children in the 
Empire in 1906. Individual data regarding each cripple under 16 
years of age were recorded and tabulated. The results and findings 
have been excellently presented by Biesalski. In all there were found 
75,183 crippled children under the age of 16. In relation to the popu- 
lation this made an average of 14.8 crippled children under 15 years of 
age to each 10,000 of population of all ages. Calculated on the basis 
of proportion to the total population of children within a similar 
age group, it is found that there were among each 10,000 children 
35.73 crippled children. That is among the oo population 
0.36, or nearly four-tenths of 1 per cent., were crippled. 

There has been but little conception in the United States of the 
scope of this work. Within the past few years several statistical 
studies have been made. Some of these were definite Surveys” to 
determine as accurately as possible how many individuals there are 
who require special care of the nature above described. Several 
years ago the writer, after extensive correspondence and after cae 
dealt personally with nearly 2,000 cripples in N ebraska, came ie ne 
conclusion that there was in this State approximately one cripple to 
every 250 of the population. Supposing that the figures for other areas 
are nearly the same, it may be assumed as 4 fair estimate that there is a 


* Douglas C. McMurtrie, M.D., The Care of Crippled Children in Germany, 
New York Medical Journal (Feb. 21, 1914). 
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proportion of 3,000 cripples to the million of population. , Upon 
this basis the number of cripples in the various states may be estimated 


about as follows: ; 
INVER auls Pete SOs 4 putea 6,414 Nebraska......... PRN Sel 3,576 
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[The above estimate does not take into account’the rapidly growing number 
of boys injured on farms and in the industries. ] 


In several areas the figures are undoubtedly larger because of 
recent extensive epidemics of infantile paralysis. It is in this class of 
patients too that institutional care is especially needed and especially 
effective. . 

Just recently in a territory comprising four counties of northern 
Ohio a careful study has been conducted. The names and addresses 
of a sufficient number of patients have been secured to show that there 
is, in that area, one crippled child requiring hospital care to every 
450 of the population. If these figures are even approximately correct 
the inadequacy of the facilities for providing such care in this country 
becomes at once apparent. The total facilities for hospital care and 
education of cripples in the United States can decidedly beno more than 
1 per cent. Biesalski, who has already been referred to, estimated 
in 1912 that, even with the advanced work being done in Germany, 
there were in that country only 3,000 beds for the care of the 100,000 
cripples who had been located by an official census. In this country 
the provision of care for such children has been only partially begun. 
Even in Nebraska, where there is a central institution for the care of 
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150 children at one time, and bearing the record in mind of having cared 

for nearly 1,500 patients in twelve years, there are still hundreds of 
crippled children who have not been reached. In 1922 the Nebraska 
Orthopedic Hospital has cared for nearly 3000 patients in seventeen 
years. 

Some of the City Dispensaries are doing splendid work for the care 
of the ambulatory cases. This is especially true in districts where 
special schools are provided for the crippled children. Here the treat- 
ments can be administered, plaster casts applied and reapplied, and 
braces puton. In such ways great good is accomplished. At pres- 
ent, however, this work is reaching a very limited number. It is the | 
impression of the writer that complete institutional care should be 
pee for many of those who are now being treated in dispensaries 
alone. 

In Philadelphia “‘The Widener Memorial School for Crippled 
Children” is demonstrating what may be accomplished by the ideal 
institution. It is the aim and the achievement of this school to accept 
for treatment and education children who are physically dependent, 
and convert approximately 100 per cent. of them, including even those 
who cannot be restored physically, into entirely independent and self- 
sustaining individuals. In other words, even those patients who 
remain permanently crippled or physically handicapped may, by 
special training, be restored to usefulness and made fit to support 
themselves. 

It is our purpose to have practically all crippled children treated 
and trained in institutions based upon the principle of the Widener . 
School. Of course there are different methods of working it out. The 
superintendent of the hospital in which such patients are treated is, 
in general, better qualified than anyone else to suggest or direct the 
education or training of his patients. In every case, however, the 
institution is preferable to the home, which lacks not only most 
of the facilities for special care but also the discipline and training 
so necessary for the abnormal child. : 

The ideal method of caring for crippled children, it has been 
declared, is the State Institution in which hospital care and special 
educational opportunities are combined. This is not to be understood 
as a criticism of the privately endowed institutions, who have set an 
example, without which it is doubtful if the States even now would 
have made provision for this class of dependents. In the first place, 
the resources of the State should be behind any effort to secure the 
independence of its citizens inasmuch as the State itself, directly or 
indirectly, is called upon to bear the burden of all those who are later 
unable to take care of themselves. The hospital which is also a school 
is also to be preferred to the present method of trying to make up in 
schools afterward the ground which the patients have lost during their 
period of treatment. The experience of Nebraska, as well as other 
places, shows definitely that with but few exceptions these children 
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with special teachers can keep step with or even make more rapid 
progress than normal children in the public schools.* 

A great deal has been said and written about the necessity for special 
institutions and a staff of specially trained individuals for the hospital 
care of these children. It has been the experience now of several 
institutions that the provision of such facilities to the extent of pro- 
viding funds and training nurses and other employees for such work, 
is not as difficult as is commonly supposed. 

The Nebraska Orthopedic Hospital was opened for the reception 
of patients Oct. 1, 1905. The first official biennium closed Nov. 30, 
1906. During the first 14 months 108 patients had been received at 
the institution. The next legislature, before whom an accurate show- 
ing was made, not only of the work already accomplished, but of the 
patients then in the institution and of other candidates for admission 
for whom no facilities had been provided, responded at once with an 
emergency appropriation for immediate use considerably larger than 
the one granted for the preceding biennium, the total amount being in 
the neighborhood of $50,000. 

During a period comprising nearly four years (1905-1909), the 
experiment of caring for the crippled children of Nebraska was worked 
out to the extent of providing adequate hospital care and beginning 
the educational work. Much of the credit for what was accomplished 
during this time must be given to Hon. H. M. Eaton, chairman of the 
board of public lands and buildings, who had for many years prior to 
his election to this office been associated with the public and normal 
_ schools of this state. Mr. Eaton was, and has always been since, very 
enthusiastic in his support of this work. He was ably seconded in 
his efforts by Hon. A. Galusha and by Hon. George C. Junkin, who 
were successively secretaries of state, Hon. Peter Mortensen and Hon. 
L. G. Brian, state treasurers, and Hon. Norris Brown, since United 
States Senator from Nebraska, who was attorney general. Except 
for the intelligent sympathy and the enthusiasm of these men, the 
initial success and development of our institution would have been 
impossible even with the appropriations made for our work. 

One of the principal matters before the legislature during the 
session of 1913 was the passage of a law to establish and regulate the 
affairs of a new Board of Commissioners for State Institutions. This 
new board was provided for by a constitutional amendment adopted 
by the people of the state about two years before. Legal provision 
having been made for the organization, powers, and duties of this new 
board, Gov. John H. Morehead carried out the intent of the law by 
appointing as its members Ex-Goy. Silas A. Holcomb, Mr. Howard 
A. Kennedy and Mr. Henry Gerdes. Thus a non-partisan board of 
Commissioners was put at the head of all state institutions, including 
the Nebraska Orthopedic Hospital. This plan is still operative. 

In some states, perhaps in many, no special effort has been made 
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to resort to political methods for securing the necessary appropriations, 
because those most interested have expressed themselves as unwilling 
to ‘‘mix in polities.”” The lesson learned by Nebraska is that members 
of the legislature and state officers have been the best friends of the 
institution, quick to appreciate the possibilities of this work, as wel! 
as the needs of the patients, and that without their sympathy and 
support in this, as in any other public work, success would have been 
absolutely impossible. 

In the establishment of any institution for the care and education 
of cripples, certain fundamentals must be considered. The hospital 
buildings should be modern fire-proof structures, consisting of small 
wards rather than private rooms, containing substantial sanitary and 
dietary facilities. Elaborate furnishing and equipment are not 
necessary. Good work is of course being done in institutions almost 
without buildings and equipment. These act upon the theory that 
reasonable physical restoration of the patient is all that is necessary 
and that everything else must ultimately be accomplished by the 
patient himself: Fundamentally this theory is sound but practically 
it does not work out. Crippled children are corrected and others 
saved from deformity producing diseases through the splendid care 
they receive in general hospitals, but when they leave the hospital 
they are even more dependent, from a sociological standpoint, than 
when they were admitted. Many conditions require hospital care 
for a long time. Children with tuberculous spine disease or with hip- 
joint tuberculosis quite commonly remain in the hospital from one 
to several years. Such children, after being restored to a place in 
society, can scarcely be expected to make up the educational training 
which they have missed. It is our belief that such education and 
training should be available during the period of hospital care. The 
periods during which patients in Orthopedic Hospitals are com- 
pletely incapacitated are relatively short. When restored to some 
activity they suffer from idleness as much as normal children. Occu- 
pation of some kind, performed under proper supervision, not only 
does no harm, but can be made to do them a great deal of good. We 
have repeatedly seen children who come to the hospital one or more 
grades behind in their school work, complete, during their hospital 
residence, not only the grades which they would normally have 
covered during the same period, but extra grades as well. 

In every city of 10,000 people or more, provision should be made, 
either in a special school or a separate department in an existing school 
building, for the care of crippled and tuberculous children. The 
two are grouped together for the reason that in any considerable 
number of crippled children a percentage of one-fourth to one-third 
are tuberculous. For a considerable number of such children, tubercu- 
lous or otherwise, the so-called open-air school will also be highly 
desirable even if not absolutely necessary. 

Wherever tried, the open air school has proven so uniformly 
beneficial to the children that its use is no longer a question of debate. 

Vou. I-75 
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A convenient form of such a school, in which the success of the method 
has been adequately demonstrated, is that shown in the cut of the 
St. Louis Open Air School, herewith presented. 

B.S. Warren of the United States Public Health Service in a‘report . 
on the education of tuberculous children in 1912 gives following testi- 
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Fia. 284.—Showing floor plan and west elevation of St. Louis Open-Air School. 
A good illustration of type of real out-door school. 


mony to the value of the open air school: ‘The progress in their 
grades is remarkable, even though they work little more than half 
the time. As compared with the children of the public school, they 
not only keep up in the grades but many (nearly 50 per cent.) go 
ahead. The St. Louis open air class completed in eight months’ time 
the usual amount of work done in the public schools and 20 per cent. 
more: in other words, they did in eight months the work that the 
normal child in the indoor public school would do in nine and one- 
half months. One class of New York City which was 19 per cent. 
below grade on admission in October was only 9 per cent. below the 
following June, making the normal progress plus 10 per cent. more 
than the child of the publie schools. They never seem to fag and 
are as ready to do arithmetic in the afternoon as in the morning and 
are as fresh and alert when dismissed as on arrival.” 

Dr. Warren also makes an observation which confirms the wisdom 
of an all around the year school. He says, ‘During vacations some 
loss was almost invariably shown, but where records were carefully 
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kept they never showed a loss of all the gain. Tables of weekly 
weights show slight loss at the beginning of the summer before vaca- 
tion. This same loss is shown in the controls of healthy children of 
the public schools.” 

We have always argued in favor of continuous school work the 
year around. Not only is the number of hours per day small, but 
both the children’s condition and their progress argue for an uninter- 
rupted school year. 

The extent to which Germany has gone ahead of this country is 
indicated in the article by Dr. MeMurtrie previously referred to. In 
describing some of the institutions, hospital care is simply taken for 
granted. In each case the training and educational feature of the 
institution is the thing emphasized. He says regarding one institution, 
“There is no school, but the boys are taught orthopedic mechanics, 
key making, saddlery, tailoring, and shoe making.” Of ‘another he . 
says, “There is no elementary instruction, although provision is made 
for advanced training and the making of card board boxes and paper 
bags.” In another institution capable of caring for 24 boys and 20 
girls between the ages of 5 and 16 he says, ‘‘The single class is con- 
ducted by three teachers and a teacher of manual training. The 
boys are taught bookbinding, paste board work, chair caning, wood 
working, fret sawing, and tailor’s mending; and the girls are instructed 
in sewing, machine embroidery, mending and the making of artificial 
flowers.” 

The great variety of occupations taught in schools for crippled 
children in Germany serves to illustrate not only the results of the 
careful study of this problem, but the wide range of usefulness open 
to crippled individuals if proper training is available. 


Instrument making 
Key making 
Knitting, hand 


Boys GIRLS 
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Apparatus, orthopedic, making of Basket weaving 

Architectural drawing Bookkeeping 

Bandage, making Chair caning ‘ 

Basketry Commercial operations 
- Bookbinding Cooking — 

Brush making Dressmaking 

Cabinet making Embroidery, art 

Carpentry Embroidery 

Carving Hand work 

Carving, chip Housekeeping 

Chair caning Knitting ; 

Commercial training Knitting, machine 

Dentistry Lace work 
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Embroidery, machine Mending 
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Glaziers’ work Roentgenographie 


Sewing, machine 
Sewing, plain 
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Knitting, machine Trained to become teachers of smaller 
Lithography children 
Mat making Typewriting 
Mat weaving Weaving 
Mechanics 
Natural wood work 
Net making 
Office work 
Orthopedic mechanics 
Painting 
Painting, house 
Paper boxes, making 
_ Paste board boxes, making 
Paste board work 
Photography 
Portfolios, making of 
Printing 
Saddlery 
Sail making . 
Sawing, fret 
Sawing, wood 
Sewing 
Sculpture 
Shoemaking 
Shoes, making of wooden 
Stenography 
Tailoring 
Tinsmithing 
Turning 
Typewriting 
Wood working 
Writing 

An essential preliminary to this educational work, as well as to the 
work of caring for cripples in general, is to ascertain the number and 
condition of the children requiring special care. The school census 
should be required to include diseased and crippled children who, 
instead of being neglected as they are at present, should by all means 
be provided with the necessary facilities for their care and education. 
Transportation to the school and return should of course be provided, 
thus insuring the best attendance and maximum benefit both educa- 
tionally and physically. 

The varieties of crippled conditions which appear as a result of the 
diseases previously referred to should be taken into consideration. 
Tuberculosis, for instance, gives us patients with short extremities 
and stiffened joints, even after the best treatment that can be ob- 
tained. Furthermore, there is always the possibility in tuberculosis 
of a recurrence of the acute Symptoms and acute disease. Such 
patients must be guarded while in school or at work against trauma- 
tism caused by standing, walking, or injury in other ways. Infantile 
paralysis gives us patients with weakened or entirely useless arms or 
legs. Such children must have an opportunity for employment in a 
small area with the minimum of physical exertion. The congenital 
deformities and various traumatic deformities give us a class of people 
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who must find employment in which they can become proficient and 
efficient even without the use of one or both feet, legs or arms. All of 
these problems, which present almost insurmountable difficulties 
under conditions provided for the care and education of normal 
individuals, become relatively simple in a special institution. The 
actual expenditure in caring for a cripple is really but little greater 
than for a normal individual. It seems larger simply because the 
money must be diverted into different channels especially for the 
purpose. 

In 1922 we must take account of the great achievements of our 
Federal Government in the after care and vocational retraining of 
those who were crippled in our military effort in France. One must 
say, however, that progress in similar care for crippled children and 
those disabled in the industries is still relatively slow. Interest is 
being aroused and better hospital care and more special schools may 
soon be developed. 
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surface, ratio of, to weight or stature, 
510 
Body fat, réle of, in metabolism, 645 
fluids, hydrogen-ion concentration of," 
855 
heat producing organs of, 528 
how heat is lost from, 539 
human, mechanical efficiency of, 538 
length, relation of, to basal metabo- 
lism in newborn, 602 
temperature, 524 
and basal metabolism, 
after death, 528 i ¥: 
excessive loss of heat in, 527 
inerease in, 528 


608 
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Body temperature, influence of, on 
metabolism of infant, 657 
regulation of, 544 
temporary changes in, 526 
variations of, between persons of 
_ different ages, 526 
weight, percentage of weights of vari- 
ous organs as compared with, 512 
Bokai, x 
works of, 98 
Boke of children, 64 


| Bolus of Bichat, 297 


Bomb calorimeter, 530, 851 
Bone development at school entrance 
age, 922 
formation in different parts of skele- 
ton, differences in rates, 259 
temporal, in newborn, 423 
Bones, carpal, ossification of, 284 
cranial, post-natal development of, 270 
flat, of skull, in infaney, 261 
fragility of, hereditary, 232 : 
in childhood, finer structure of, 261 
in fourteenth year, 258 
in infancy, rapidity of growth of, 261 
ey of pelvis, ossification of, 
279 
metatarsal, epiphyses of, 292 
ossification of, 292 
number of, in newborn, 258 
of extremities, development of, 281 
of foot, development of, 290 
of hand, ossification of, 282 
of inferior extremity, development of, 
285 
of superior extremity, development 
of, 281 
of thorax, ossification of, 281 
of wrist, ossification of, 282 
periosteum of, 261 
porosity of, in infancy, 261 
sesamoid, of great toe, 293 
of hand, ossification of, 285 
Bonniot’s studies, calorimeter used for, 
631 
Booker, 149 
Books, school, suitable type for, 1046, 
1047 
Bordet, 148 
Bottle-fed and breast-fed infant, utiliza- 
tion of total ash in, 770 
Bouchut, works of, 88 
Boy Scouts, 1121 
Boys’ coats, 1084 
Boys, weight to height increase in, 
92 


8 
Brachydactylism, hereditary, 232 
Brahminical medicine, tests of, 24 
Braille system for blind, 1063 
Brain. in newborn, 415 
post-natal growth of, 416 / 
topographic relations of more im- 
portant sulci, 419 
weight of, 415 
Breast-fed and bottle-fed infants, utiliza- 
tion of total ash in, 770 


1196 


Brn cee in India, 24 
in Israel, 31, 32 

Bretonneau, pana of, 86 

British and American children, stature 
of, 502 

British Isles, climate of, 1166 

Broadbent, 157. 

Brockhaus, i Iv, 1, v 

Bronchiectasis, climatotherapy in, 1174 

Bronchitis, chronic, climatotherapy i in, 
1174 

Brugsch and Kraus, vi 

Briining, 139 

Briiming and! Sehwalbe, ix 

Brunner, glands of, 320 

Bruns; Cramer and Ziehen, ix 

Budin, 140 

Bureau, Children’s, of American Red 
Cross, 167 

Bursa pharyngea, 304 

Butter, saponification of 100 gm., 
amount of fatty acids obtained from, 
765 

Byzantium, care of child in, 48, 49 
history of pediatrics in, 47 
medical writers of, 48 
medicine of Fathers of Christian 

Church of, 51 


CADOGAN cans, 82 
writings of, 76 
-Ceelius Aurelianus, pediatrics of, 47 
Calcification of teeth, 298, 300 
Calcium excretion, ay erage, to average 
soap excretion, relation of, 772 
influence of magnesium on, 775 
hypochlorite for purification of swim- 
ming pools, 1117 
- in infant metabolism, 771 
in urine, 771 
influencing utilization of fat, 762 
utilization of, 772 
by infants on mother’s milk and 
cow’s milk, 773 
effect of fat on, 772 
Calculus, urinary, 39 
California, middle and northern, cli- 
mate of, 1164 
southern, climate of, 1164 
Caloric estimation (food requirements 
as to quantity), 931 
feeding method, 135 
value of food, correct method of esti- 
mating, 939 
Calorie, definition of, 528, 850 
large, 850 
small, 850 
Calories needed per pound per age, 933 
Calorimeter, 851 
& siphon, 630 
bed, 558 
bomb, 530, 851 
D’Arsonval’ s, Lavialle’s modification 
of, 632 
emission, 536 
respiration, 135, 535, 632 
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Calorimeter, er apenn ee of D’Ar- — 
sonval, 631, 
used by Howland, 632 
for Bonniot’s studies, 631 


| Calorimetry, 529, 850 


direct, 535 

and indirect, comparison of, 536 
indirect, 532 

and direct, comparison of, 536 
of animals and man, 532 
of foods, 530 


Camerer, 1x 


works of, 182, 134 
Camp Fire Girls, 1121 
Camps, vacation, 1121 
Can, sucking, 66 
Canada, wartime infant welfare work 
in, 168 
Cancer cells and germ cells, analogy be- 
tween, 185 
in human inheritance, 229 
Candy in food requirements of child, 
936 
Canon of Avicenna, u, 54 
Cans, Cadogan, 82 
Capacity of lungs, measurement of, 943 
vital, norms of, 943 
Carbohydrates, absorption of, 736 
and fats, comparison of, in influence 
on retention in infant, 803 
in food requirements of children, 929, 
934 


influence of, on production of insolu- 
ble soap, 767 
on retention of sulphur, 819 
specific influence of, on nitrogen re- 
tention, 800 
Carbon dioxide and oxygen, heat value 
of, for different non-protein respira- 
tory quotients, 587 
Card, physical examination, 925, 926 
Cardiac clinics, 948 
insufficiency, climatotherapy in, 1176 
Care, prenatal, 1132 
Carious process of teeth, 955 
Carpal bones, ossification of, 284 
Carpus, ossification centers of, 284 
Carr, x 
Carrier foci, 901 
Carriere, Apert and Cruchet, x 
Carriers, 900 
classification of, 901 
diphtheria, 905° 
diagnosis, 906 
quarantine of, 906 
treatment, 906 
dysentery, 910 
management of, 911 
symptoms in, 911 
influenza, 907 
meningococcus, 908 
treatment, 909 
of alimentary tract, 909 
pneumonia, 904 
poliornyelitis, 907 
primary, 901 
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Carriers, secondary, 901 
streptococcus, 902 
typhoid fever, 909 
management of, 910 
. Caseification, steps in, 718 
Casein, amino-acids from, 787 
Caseinogen, 718 
Caseogen, 718 
Castration, effects of, on birds, 222, 223 
Catalyzers of growth, 460 
Cataract, hereditary, 236 
Catarrh of upper air passages, chronic, 
climatotherapy in, 1174 
Cavities, nasal, in newborn, 335 
uN abdomino-pelvic, in newborn, 


of pelvis, 276 
oral, of newborn, 296 
Cavum suctorium of Hasse, 296 
Cecum, axis of, 324 
haustra of, 323 
in newborn, 321 
position of, 324 
tenia of, 323 
types of, 321 
Cells, germ, alcohol experiments on, 175 
cancer cells and, analogy between, 
185 
radium experiments on, 175 
mature and growing, differences in 
metabolism between, 551 
sex, 190 
Celsus, u, 43 
Centers of ossification, 258 
and separate bones in human skele- 
ton at different ages, 259 
for diaphyses of metacarpals and 
phalanges, 285 
formation of, 258 
number of, 258 
of carpus, 284 
of tarsus, 290 
primary, 258 
secondary, 258 
vertebral, 275 
Central Europe, climate of, 1166 ' 
nervous system and organs of special 
sense in newborn, 415 — 
Centrifugal method of Cowie and Hub- 
bard for determination of fat in feces 
of infant, 755 ; : 
Cervical region, minor epithelial masses 
of, in newborn, 374 
Chadwick, works of, 117 
Chair, Mosher, 1088, 1089 
study, New York, 1088 
Chalmers, 158 
Chambers, iv 
Champier, Iv- 
Chance, law of, 191 
Chapin, x, 142 
-Character, 1005 
action type, 1006 
dominant, 192 
emotional types, 1005 
intellectual type, 1006 
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Character, recessive, 192 
Ribot’s classification, 1005 
Characteristics, instinctive physical and 
mental that appear at 
nine years and early 
part of tenth year, 983 
from four to six years, 983 
Pa (ASURY, to puberty, 
9 


from infancy to three 
years, 982 
from seven to nine years, 


from ten to twelve years, 
983 
from thirteen to fifteen 
years, 984 
physical, influence of, on basal metab- 
olism, 547 
Characters, acquired, Lamarck’s con- 
ception of, 185, 187 
non-inheritance of, 185 
dependent upon simultaneous pres- 
ence of two or more factors, in 
mendelism, 197 
sex limited, in genetics, 222 — 
Charaka, 1 
Charms, 3 
Cheadle, viii 
Chemical foundation of growth, 445 
Chemistry, physical, application of, to 
physiology of childhood, 847 
definition, 847 
Chest expansion, 943 
measurements, 943 
Cheyne, writings of, 84 
Chickenpox, table of data of incubation, 
symptoms, length of quarantine, etc., 
895 
Child, abnormal, behavior of, diagnosis . 
of, 1011 
treatment, 1012 
behavior in, 1016 
emotions in, 1014 
environment in, 1017 
amusements, 1018 
boarders, 1017 
church affiliations, 1018 
leisure time, 1018 
poverty, 1018 
habits in, 1013 
instincts in, 1012 
type of character in, 1016 
volition in, 1016 . é 
capacity for education, Binet-Simon 
scale for determining, 1008 
care of, in Byzantium, 48, 49 
in Hellas, 34 
in Islam, 51, 52 
under rules of Soranus, 44 : 
education and training of, in Renais- 
sance Period, 67 
in Islam, 53 
ethnie and social status of, 2 
food requirements of, 929 
glorification of, in modern life 8, 
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Child, Hygiene, Division of, Baker as 
chief of, 163 
Labor Division of Children’s Bureau, 


in United States, minimum stand- 
ards for children in, 1026 
normal, behavior of, 1010 
protection of, during puerperal 
period, 1138 : 
religious instruction of, 1018 
in Israel, 30 : 
seven- and eight-months, Hippo- 
cratic treatises on, 37 : 
status of, elevated by Christianity, 7 
in folk-medicine, 8 
superstitions and practices in care of, 
in Hellas, 
treatment, in Seventeenth Century, 


8, 69 
in England, 71, 72 } 
Childbirth, superstitions and practices 
surrounding, in Israel, 29 
Childhood and infancy, hygiene and 
diseases of, in Hippocratic canon, 


37 
physiology of metabolism in, 528 
bones in, finer structure of, 261 
character of gastric juice in, 712 
gastric mucous membrane in, area of, 
315 
Child-life, benefactors of, 169 
in Israel, 28 
Children above nursing age, metabolism 
of, influence of food upon, 681 
above one year, utilization of fat in, 
760 


and infants, nitrogen partition in 
urine of, 804 
urea in urine of, 804 
and women, treatment in Assyro- 
Babylonian civilization, 19 
asylums for, in Middle Ages, 57, 58 
basal metabolism of, 669 
influence of age on, 674 
of muscular activity on, 682 
of puberty on, 679 
of sex on, 678 
Boke of, 64 
crippled, hygiene of, 1180. See also 
Crippled children, hygiene of. 
dispensary for, first, 119 
entering school, measurements of, 922 
feeble-minded, in Nineteenth Cen- 
tury, 117 t 
from nursing age to puberty, energy 
metabolism of, 668 
in art of Middle Ages, 58 
of Seventeenth Century, 68 
inattention in, 991 
laws for protection of, in Rome, 40, 42 
love of, among Greeks, 67 
mutilation of, among savages, 3 
nervous diseases in, treatises on, 113 
nitrogen partition in urine of, 804 
normal, above weaning age, nitrogen 
In urine of, 805, 806 


Children, normal, exercise in, blood 
pressure and pulse rate in rela- 
tion to, 947 
exercises for testing hearts of, 947 
of school age communicable diseases ~ 
in, high incidence of, 891 
of Sparta, care of, 35 
of various races, stature of, 503 
older, and normal infants, utilization 
of food stuffs in, 744 
mid-day nap for, 1151 
sleep for, 1151 F 
retention of urine in, Egyptian recipes 
for, 14 
returning to school after absence, sig= 
nificance of temperature in, 899 
sale of, 5 
school, examination of eyes of, 115 
hyperthyroidism in, 962 
lunches for, 117 
medical inspection of, 117 
selling into slavery, edict against in 
Middle Ages, 55, 56 
tetanus in, 44 ; 
treatment of, in Eighteenth Century, 
83 


urea in urine of, 804 ' 
with diseased hearts, exercises for, 
4. 


Children’s Bureau, Federal, 164 
of American Red Cross, 167 
Children’s Hospital of Philadelphia, 121 
hospitals, American, 121 
in England and America, 120 
Provincial, 120, 121 
in Europe, 121 ‘ 
in Nineteenth Century, 118 
of London, 120 : 
Child’s Hospital and Nursery, first, in 
America, 121 
Child-study, pedagogies and school hy- 
giene, periodicals devoted to, 128 
writings on, 113 
Chlorine, utilization of, 780, 781 
Chlorosis, 66 
cause of, 953 
Chorea, Huntington’s, in human inheri- 
tance, 231 
persistent climatotherapy in, 1176 
staal status of child elevated by, 


Chromatin content, inequality of sexes 
in regard to, 200 
Chromosome, Y, 200 
Chromosomes, 189 
individuality of, principle of, 190 
sex, 200 d } 
hereditary factors carried by, 200 
Church affiliations, influence of, on 
child, 1018 
Churchill, works of, 102 
Chymosin, 716 
Circulation, fetal, 382 
amount of blood in, 383 
change of, to post-natal type of 
circulation, 385 , 
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Circulation, post-natal, change of fetal 
circulation to, 385 
Circulatory system and exercise, 1067 
Circumcision, 1141 
in Egypt, 12 
in Islam, 52 
in Israel, 30 
Cisterns, 865 
Civilization, Assyro-Babylonian, 16 
highly specialized, in Egypt, 12 
Clarke, writings of, 85 
Classes, special, for blind, 1063 
for cripples,. 1065 
for deaf, 1064 
for school children, 1063 
Clavicle, ossification of, 281 
Cleft palate in human inheritance, 229 
Climate of Adirondack Mountains, 1159 
of Algeria, 1167 
of Atlantic Coast of Spain and Portu- 
gal, 1166 
of Bermudas and West Indies, 1162 
of British Isles, 1166 
of Central Europe, 1166 
New York and Pennsylvania, 1160 
of coast resorts from New Hampshire 
to Long Island, 1158 
of Egypt, 1167 
of Florida peninsula, 1162 
of Foreign resorts, 1166 
of Great Plains, 1163 
of Lake region, 1160 
of lower Hudson: ana 
Valleys, 1159 
of lower South, 1161 
of main coast, 1157 
of Maryland, Virginia and West Vir- 
ginia, 1160 
of Mediterranean France, 1167 
of middle and northern California, 
1164 
of Mississippi Valley, 1163 
of Mountains of northern New Eng- 
land, 1158 
of New Jersey, 1159 
of Newfoundland, New Brunswick 
and Nova Scotia, 1157 
of north Pacific Region, 1165 
of Norway and Sweden, 1166 
of Ohio Valley, 1161 
of Oregon and Washington, 1165 
of Peninsula of Italy, 1167 
of Riviera, 1167 
of Rocky Mountains, 1163 
of Sicily, 1167 : 
of southern California, 1164 
of Spain, 1167 
of St. Lawrence Valley, 1159 
of upper South, 1161 
of western France, 1166 
Climates, classification of, 1155 
Climatic classification of health resorts, 
1168 
Climatotherapy, 1152 
altitude in, 1154 
applied, 1168 


Connecticut 
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Climatotheraphy, classification of 
climates, 1155 
according to altitude, 1156 
to humidity, 1156 
to temperature, 1155-1156 
general application, 1156 » 
principles, 1152 
rules for infants and young chil- 
dren, 1157 
hardening influence in, 1152 
health resorts, 1157 
humidity in, 1153 
in chronic heart disease, 1175 
in diarrheal diseases, 1173 
in hay-fever, 1175 
in lymphatism, 1177 
in nephritis, 1172 
in pertussis, 1175 
in pulmonary tuberculosis, 1179 
in respiratory diseases, 1174 
in rheumatoid diseases, 1172 
in scrofulosis, 1177 
in skin diseases, 1177 
in the neuroses, 1176 
in tuberculosis, 1178 
rain and snow in, 1154 
seashore, 1155 
seasonal, 1168 
autumn resorts, 1170 
spring resorts, 1170 
summer resorts, 1168 
winter resorts, 1169 
special, 1171 
in anemia, 1172 
in malnutrition, 1171 
in rickets, 1171 
sunshine and cloudiness in, 1154 
temperature in, 1152 
winds in, 1154 
Clinic, prenatal, 1137 
Clinics, cardiac, 948 
dental, 117 
free, for schools, 917 as 
nutritional, in and out of public 
schools, 937 
Cloakrooms, school, 1088 ; 
Closed-circuit method of study of infant 
metabolism, 560 
Clothing, importance of, in heat regula- 
tion of infant, 655 
of infants, 1143. See also Infants, 
clothing of. 
of prospective mother, 1137 
of school children, 1083 
Cloudiness and sunshine, 1154 
Clysters, 10 : : 
Coagulation of milk, accelerating salts 
in, 717 : 
nature of, 718 
retarding salts in, 717 , 
Coast resorts from New Hampshire to ~ 
Long Island, climate of, 1158 
Coats, boys, 1084 
Coccyx, ossification of segments of, 
0 


28 
Code of Hammurabi, 18 
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Coefficient, creatinin, 811 
of correlation in statistical analysis of 
basal metabolism in newborn, 596 
of variability in statistical analysis of 
basal metabolism in newborn, 593, 
596 - 
Cohabitation during pregnancy, 1136 
Cohn, works of, 115 
Coit, 142 
Cold, taking, after exercise, 1070 
Collectanea Jacobi, x 
Colloid goiter, simple, 963 
solution, 847 
state of aggregation, 847 
of dispersion, 847 
Colloids, emulsion, 847 
suspension, 847 
Coloboma, hereditary, 236 
Colon, ascending, in newborn, 326 
descending, in newborn, 327 
sigmoid, in newborn, 327, 382 
transverse in newborn, 326 
Colonial period, education during, 866 
Colony, summer, schools of, 1122 
Color, eye, in human inheritance, 224 
hair, in human inheritance, 228 
of feces of infant, 744 
skin, in human inheritance, 228 
Colors, method of, in determination of 
hydrogen-ion concentration, 852 
useful, in determination of hydrogen- 
ion concentration, 853 
Colostrum, composition and heat value 
of, 615 
Combination system of heating schools, 
1103 
Combined obstetric, gynecologic and 
pediatric periodicals, 127 
Combustion heat value of foodstuffs, 
531 


Comby and Grancher, vii 
Comby, Grancher, and Morfan, x 
Comby, works of, 101 
Communicable diseases, 890 
carriers of, 900 
control of, 893 
cross infection in, 894 
in children of school age, high inci- 
dence of, 891 
method of infection, 897 
quarantine in, 894 
reporting, 894 
school, mortality statistics of, 891 
schoolroom chart, 898 
susceptibles exposed at home, 894 
at school, 894 
" suspicious susceptibles, 894 
Compendium Salernitatum, iii 
Compensation, law of, in genetics, 213 
Complementary nitrogen, 801 
Composition of colostrum, 615 
Compounds, heterocyclic, 784 
Computation of basal metabolism in 
newborn, 586 
Concentration, hydrogen ion, 851 
expression of, 853 
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Concept formation, training in, 998 
Conception, 997 
Angell’s definition of, 998 
Concepts, number, 999 
verbal, 998 
Concetti, 140 
Conche, nasal, in newborn, 337 
Concordance of expressions from Ero- 
tian by Eustachius, iv 
Conditioned reflex, 978 
Conductivity, electric, 849 
of blood serum, 849 
Conferences on infant welfare, 156 
Conflict, sex, 1034 = 
Congenital and acquired predisposition 
and heredity, 171 
distinction between transmis- 
sion and heredity, 173 
general development of gen- 
etics as science, 183 
human inheritance in, 223 
introduction, 171 
practical applications, 246 
lock of white hair, 225 
pyloric stenosis, 80 
Connecticut and lower Hudson val- 
leys, climate of, 1159 
Consanguinity, 247 
Consciousness, sex, moral disintegration 
of, 1035 
Conservation of school time, 1021 
Consolidated health districts, 872 
Consultation for nurslings, 155 
Contagious diseases as cause of abor- 
tion, 1135 
eye diseases in schools, management 
of, 914 
Contractility of muscle tissue, 1068 
Contractions, hunger, intervals in ap- 
pearance of, 698 
of pert causing hunger sensations, 
96 
Conus appendicis, 323, 326 
Convulsion-clock, 10 
Convulsions, infantile, 38 
Codperation, habit of, 1013 
Copernicus, v 
Corbyn, works of, 86 
Cord, dressing for, 1139 
prolapse of, 1138 
spinal, in newborn, 420 
stump of, hemorrhage from, 1139 
tying and care of, 1139 
Cords, vocal, in newborn, 343 
Cornette, 66 \ 
Coronelli, iv 
Corpus adiposum bucce, 297 
Correlation, coefficient of, in statistical 
analysis of basal metabolism in new- 
born, 596 
Corridors, school, 1092 
Corset, Barnum-Van Orden, 1084 
Corsets, 1084 
Cortex, suprarenal, accessory masses of, 
in newborn, 376 
Counting habit, 1048 
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Country outing movement, 1120 
Courses in mental hygiene, 1022 
Soe and Fales, metabolism bed of, 


Cowie, 149 
Cowie and Hubbard centrifugal method 
- of, for determination of fat in feces of 
infant, 755 
Cow’s milk, composition of, 769 
Cramer, Ziehen and Bruns, ix 
Cranial bones, post-natal development 
_ of, 270 ‘ 
sinuses and meninges in newborn, 420 
Cranium, growth of, 265 
Creatin content of muscles of new- 
_ born, 811 
in urine of infant, 813 
sources of, 812 
Creatinin coefficient, 811 
derivation of, 810 
in urine of infant,.811 
Créches, 153 
Credé, 146 
Cretinism, 80, 961, 964 
mongolism and, differentiation, 965 
Crew racing, long distance, 1075 
Criminal abortion, frequency of, 1136 
Crippled children, hygiene of, 1180 
all year round school for, Warren 
on, 1186 
care of, by city dispensaries, 1183 
by state, 1180 
census in preparation of, 1188 
fundamental principles in, 
1185 
in Germany, 1181 
in Nebraska, 1184 
special institutions and trained 
nurses for, 1184 
ideal method of caring for, 1183 
Nebraska Orthopedic Hospital 
for, 1184 
number of, in Germany, 1181 
in United States, 1181 
occupations taught in schools 
for, in Germany, 1187 
open-air schools for, 1185, 1186 
special classes for, 1065 
appliances, 1066 
buildings, 1065 
corrective work, 1066 
equipment, 1065 
for physical education, 1065 
health in, 1066 
: medical inspection, 1066 
» mental status, 1066 
school curriculum, 1065 
lunches, 1066 
segregation of, 1065 
transportation, 1066 
St. Louis open-air school for, 1186 
work done by Widener Memorial 
Sebool for, 1183 
Criteria of normality in growth, 487 
in third or adolescent growth cycle, 
503 
Vou. I—76 
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Croup, diphtheritic, 80 

Cruchet and Anderodias, vii 

Cruchet, Apert and Carriere, x 

Crying, influence of, on basal metabo- 
lism of newborn, 607, 611 

Crypts of Lieberkithn, 320 

Crystalloid state of dispersion, 847 

ee nitrogen of, in feces of infant, . 


Curiosity, 996 
Curschmann, vi 
Curvature of spine, lateral, 970 
left dorsal, 970 
Cuticle, dental, 301 
Cyclopedia of the Diseases of Children,, 


vil 
Cynanche, 33 
Cystitis, 39 
Cytological methods of analysis, in gen- 
etics, 189 
Czerny, ix, 136 
Czerny and Keller, 133 


Dairy inspection of schools, 914 
Dancing, folk, 1076 
social, 1075 


- D’Arsonval calorimeter, Lavialle’s modi- 


fication of, 632 
thermo-electrique calorimeter, 631, 
632 
Darwin on genetic change, 188 
Darwin’s theory of pangenesis, 184 
Datheus, founder of first asylum for 
abandoned infants, 57, 58, 118 
Davis, 150 
writings of, 185 
Day-nursery, founding of, 153 
Deaf, special classes for, 1064 | ’ 
Deaf-mute instruction in France in 
eighteenth century, 84 ~ 
Deamination, 787 
by hydrolysis, 787 
Death, body temperature after, 528 
de Baillon, writings of, 66 
De Balneis, iv 


‘Decalcification of deciduous teeth, 298, 
0! 


3 
Deciduous teeth, decalcification of, 298, 
300 


eruption of, 511, 512 
shedding of, 300 
Deductive process of reasoning, 1000 
Defecation, 705 i 
Defective teeth, results of, 956 
Defensive reflexes in suction and swal- 
lowing, 695 eA 
Deformities of pelvis, as cause of injury 
and death of fetus during parturi- 
tion, 1134 J 
spinal, in school children, 970 
de Gorris, iv fp J 
Degeneration of thymus in third 
growth-cycle, 513 
Delinquency, sex, 1035 : 
Delivery, exposure of infant during, 1138 
period of greatest frequency of, 472 
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Dementia precox, 993 
treatment, 1015 
Demons, possession by, 

concept, 21 ; ; 
Denmark, modes of prevention of infant 
mortality in, 160 
Density of a solution, 848 , 
Dental arch, inferior, and lower jaw, 
growth of, 271 
clinics, 117 
cuticle, 301 
sacs, 299 ; 
Department of public health, bill estab- 
lishing, 870 
de Paul, St. Vincent, 119 
work of, among foundlings, 70 
de Rothschild, 140 
Descending colon in newborn, 327 _ 
Descensus testiculorum and tunica 
vaginalis, 359 
Desires, four fundamental types of, 


Babylonian 


Desks for schoolroom, basic principles, 


Moulthrop desk, 1087, 1088 
Destruction of newborn infants, 2 
Detection of non-contagious physical 

defects, examination for, 923 
Determination, respiratory, 943 
sex, 212 

index of, 214 
Direct and indirect methods of obtain- 

ing energy metabolism of infant, 

comparison of, 630 

calorimetry, 535 
lighting for schools, 1111 
Direct-indirect method of heating 
schools, 1102 
Directness of association in school hy- 
giene, 989° 
Discrimination, 998 
Disease, original description of, 112 
Diseased hearts in school children, exer- 
cises for, 948 
Diseases and hygiene of infancy and 


childhood in Hippocratic canon, 37° 


communicable, 890. See also -Com- 
municable diseases. 
known in Babylon, 21 
of children, x 
of nervous system, ix 
school, 892 
Disinfection of schools, 1094 
Dispensary for children, first, 119 
ispersion, colloid state of, 847 
crystalloid state of, 847 
Distention of large intestine by meconi- 
um in latter part of fetal life, 321 
Distinction between substance and 
energy, 520 
_ transmission and heredity, 173 
Distribution method of Roese and Gott- 
pe for determination of fat in feces, 
Determinants, 173 
in mendelism, 195 


INDEX 


Development and age in relation to 
school entrance, 919 
and growth, 445 
de Villiers, 156 
De Vries theory of mutations, 188 
Dextrose nitrogen, 801 ; : 
Diabetes insipidus in human inheri- 
tance, 233 
mellitus in human inheritance, 233 
Diagnostic and therapeutic devices, 
history of, 112 
Diamino-monocarboxylic acids, 784. 
Diamino-oxy-monocarboxylic acids, 784 
Diaphyses, 258 
of metacarpals and phalanges, cen- 
ters of ossification for, 285 : 
Diarrheal diseases, climatotherapy in, 
73 


Diastalsis, 704 
Deciduous teeth, 299 
Dictionaries, medical, iv 
Dictionary, medical, of James, v 
Dictionnaire philosophique, iv 
universal de medicine, v 
Diderot, iv, v 
Die Deutsche Klinik, ix 
Diffusion, definition, 849 
chemical factors in, 707 © 
Digestion and absorption, 694 
functions of saliva, 707 
factors of, 694 
physico-chemical factors in, 734 
gastric, in infant, summary, 723 
insufficiency, 135 
Digestive enzymes in feces of infant, 742 
system, anatomy of, 295 
and exercise, 1070 
Dimensions and age of human fetus, 
468, 469 
Diphtheria, 33 
Bard’s account of, 81 
carriers, 905 : 
diagnosis, 906 
quarantine of, 906 
treatment, 906 
table of data of incubation, symp- 
toms, length of quarantine, etc., 895 
Diphthérite, 86 
Diphtheritic croup, 80 : 
Diurnal variations of temperature, 
cause of, 525 
Doctoring, absentee, 894 
Dominant character, 192 
Donné, works of, 87 
Doorways, school, 1093 d 
Dorsal curvature of spine, left, 970 
Dosage for children in India, 26. 
Dresses, 1084 
Drill, flash-word, 1045 
tooth-brush, typical, 958, 959 
Drinking fountain, school, 1093 
Drowning and exposure of infants in 
Rome, 40, 42 
Drugs in Babylonian therapy, 21 
Duct of Arantius, 388 
Ductless glands in newborn, 372 


INDEX 


Ductus Fakta closure of, processes 
in fetus, 385 
_ closure of, processes in, 387 
in newborn, 3886 
obliteration of, 387, 388 
theories postulating a reduction in 
pressure of pulmonary ar- 
tery to point equal to or 
below that of aorta with a 
consequent collapse of wall 
of ductus, 387 
an activity in wall of vessels, 
387 


compression of, 387 
formation of thrombus in, 387 
reduction of lumen of, through 
change in position of heart 
at birth, 387 
Ductus venosus in newborn, 
obliteration of, 389 
structure of, 389 
Duodenal glands, post-natal develop- 
ment of, 320 : 
Duodenum, length of, at birth, 321 
ee relations of, in newborn, 
81 
Duplexalite, 1112 
Duration of period of gestation, 472 
Dust, 864 
in schools, 1094 
Dwarfing, 227 
Dyes, in determination of hydrogen-ion 
concentration, 852 
Dying dental pulp, toothache from, 958 
Dynamic action of foods in infants, 
634 
effect of protein in metabolism of in- 
fant, 635 
Dynamometer, 944 
Dynamometric determination, 944 
Dysentery carriers, 910 
management of, 911 
symptoms in, 911 


388 


Ear defects in human inheritance, 237 
in newborn, 423 
external, 425 
internal, 428 
middle, 426 
Ebers, i 
Ebstein and Schwalbe, vi 
Eclampsia, abortion from, 1136 
diet in, 1137 
Ectopia lentis, hereditary, 236 
Eczema, climatotherapy in, 1177 _ 
Edicts against infanticide in Middle 
Ages, 55 
Education, 986 
before eighteenth century, 866 
beginning of, in United States, 866 
board of, advantages of control of 
health supervision in schools by, 
877 
child’s capacity for, Binet-Simon 
seale for determining, 1008 
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Education, department of, and de- 
_partment of health, codperation 
-between in health supervision of 
schools, 877 

of parents, 918 
physical, activities after school, 1076 
sex, beginning of, 1038 
Educational minimum for child labor in . 
United States, 1026 
ek mechanical, of human body, 
Egypt, care of infant in, 12 
cireumcision in, 12 
climate of, 1167 
highly specialized civilization of, 12 
history of pediatrics in, 11 
medicine in, 12, 13 
sources of, 13 
wet-nursing in, 15 
Egyptian nursing-flask of Alexandrian 
period, 16 
Ehrlich, 147 ; 
Eighteenth century, American pedi- 
atrics in, 80 ; 
education before, 866 
history of pediatrics in, 75 
infant mortality in, 81 
instruction of deaf-mute in, 84 
miscellaneous literature of pediat- 
ries in, 79 
treatment of blind in, 83 
of children in, 83 
Eisenmann, 146 
Hiweissmilch, 133 
of Finkelstein, 141 

Electric conductivity, 849 
of blood serum, 849 

Electrical energy, 850 

Electricity, ightimg schools by, 1111 

Elizabeth McCormick Open-air School 

of Chicago, 1124, 1125, 1126 
Ellis, 165 
Elsasser’s method of determining diam- 
eter of fontanelle in newborn, 268 
Embryo, metabolism of, 553 - 
respiratory quotient of, 555 

Emetics, vegetable, 10 

Emile, 82 

Emission calorimeter, 536 

Emotion, 1002 

genesis of, 1002 
Emotional abnormality, 1003 
Emotions, list of, 1002 
manifested in adult life are by- 
products of three great original 
emotions, 1002 
original, 1002 
Employment supervision and placement 
of child labor in United States, 1027 

Empyema, proionged, climatotherapy , 

in 

Emulsion colloids, 847 

Emulsoid solution, viscosity of, 848 

Emulsoids, 847 

Encyclopedia Britannica, iv, Vv 

of gynecology, iv 
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Encyclopedias of Ephraim Chambers, 


iv 
which refer to diseases of children, i 
Encyklopidische Jahrbiicher der Ge- 

samten Heilkunde, vii 
Endocrine organs in processes of 
growth, 461 
Endurance exercises, 1068 f 
Energy, substance and, distinction be- 
tween, 520 
electrical, 850 . 
equivalent of growth, 465 : 
expenditure, total, for two normal in- 
fants for 24 hours, 661 
free, 850 
growth in its relation to, 663 
heat, unit of, 850 
metabolism, 522 
before and after parturition com- 
pared with sexual rest, 557 
from two. weeks to one year of age, 
618 


body temperature, 630 

collection of urine and 
feces, 619 

comparable conditions, 
629 


control of conditions, 
24 


environing tempera- 
' ture, 629 
graphic method of 
pulse, 625 
methods of obtaining, 
618 
‘ records of movements, 
pulse and respiration, 


625, 626 
‘immediately before birth, 556 
in warm-blooded animals, general 
considerations of, 522 
of children from nursing age to 
, puberty, 668 
introduction, 668 
methods of study, 668 
-of infant, 551 
direct and indirect methods, 
comparison of, 630 
dynamic action of foods 
634 
of protein in, 635 
of mother and child together before 
and after parturition, 558 
"of newborn, 559 
Benedict apparatus for deter- 
mining, 560 
Murlin’s apparatus for determin- 
ing, 563 
other French methods for deter- 
mining, 571 
registration of muscular activity 
of infant, 570 
respiration apparatus for deter- 
mination of, by indirect method, 
essential features of, 560 
quotient, 135, 667 


in 


oy 


INDEX 


Energy requirement, total, of infants 
from two weeks to one year of 
age, 661 
of newborn, 612 
Engelmacherei, 165 ; 
England, children’s hospitals in, 120 
of seventeenth century, treatment of 
child in, 71, 72 
Provincial, children’s hospitals of, 
120, 121 
wartime infant welfare work in, 166 
English legislation bearing on maternal 
and infant welfare, 160 
systems of medicine, vii 
Enterokinase, 728, 732 
Entwickelungsarbeit, 554 
Environment and heredity, 251 
and race, influence of, on growth, 
485 


influence of, on growth, 503 
on variability of weight and stat- 
ure, 507 
Environmental conditions, disadvan- 
tageous, retardation in growth from, 
506 


Enzymes, digestive, in feces of infant, 
C42 


of gastric juice, 716 
of intestinal juice, 732 
of pancreatic juice, 728 
pancreatic, 725 
Epidemic goiter, 964 
Epidermolysis bullosa, hereditary, 235 
Epilepsy, 38, 39 
in human inheritance, 239 
Epiphyses, 258 
of femur, 285 
of fibula, 290 
of metatarsal bones, 292 
of phalanges, 292 
of tibia, 288 
of vertebre, 275 
Epiphysis cerebri in newborn, 379 
Epistropheus at birth, 276 
Epithelial masses, minor, of cervical 
region in newborn, 374 
Epstein, x 
works of, 97 
Equipment of room space for examina- 
tions in schools, 924 
Erb, vi 
Erepsin, 732 
Ergebnisse der allgemeinen Pathologie 
des Menschen und der Thiere, vi 
Erhaltungsarbeit, 554 } 
Eroded teeth, 955 
Eruption of milk teeth, 5119512 
of permanent teeth, 300, 301, 512 
Escherich, ix, x, 132, 147 
Esophagus, anatomy of, 307 
diameter of, 308 
length of, 307 
lining of, 308 
Estienne, iv 
ao sulphates in urine of infant, 


INDEX 


SAR post-natal development of, 


Ethmoidal sinuses in newborn, 341 
Ethnic and social status of child, 2 
' Kulenburg, vii 
Europe, central, climate of, 1166 
children’s hospitals in, 121 
Eustachian tube in newborn, 427 
ostium of, 304 
Evacuation of stomach, 698 
Examinations in schools, equipment of 
room space for, 924 
of school children for detection of non- 
contagious physical defects, 923 
school, physical effects of, 1021 
Exercise and circulatory system, 1067 
and digestive system, 1070 
and neuromuscular system, 1068 
and respiratory system, 1066 
fatigue after, 1069 
in normal children, blood pressure 
and pulse rate in relation to,.947 
of mother during period of gestation, 
1134 
physical, especial organs or structures 
involved in, 1066 
physiology of, 1066 
proper amount of, 1069 
taking cold after, 1070 
thermal system and, 1069 
Exercises, endurance, 1068 
for children with diseased hearts, 948 
for testing hearts of normal children, 
947 
Exhaust system for school ventilation, 
1105 
Exhibition of opium in infants, 10, 11 
Exhibits and lectures on health, 890 
Exophthalmic goiter, 963 
Experiences, memory, 994 , 
Experimentation in metabolism as 
cause of sex, 214 
Expired air, composition of, 1104 , 
Exposure and drowning of infants in 
Rome, 40, 42 
of infant during delivery, 1138 
in Hellas, 34, 35 
External ear in newborn, 425 
genitalia, female, in newborn, 370 
temperature and food, influence of, 
on basal metabolism, 609 
influence of, on heat production in 
warm-blooded animals, 538 
on metabolism of infant, 653 
Extractive nitrogen in human milk, 796, 
797 3 
Extremities, bones of, development of, 
281 
inferior, development of bones of, 285 
skeleton of, number of bones of, 259 
superior, bones of, development of, 
281 
Eye color in human inheritance, 224 
defects in human inheritance, 236 
diseases, contagious, in schools, man- 
agement of, 914 
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Eye in newborn, 421 
.care of, 1142 
cornea of, 422 
growth of, 422 
jachrymal gland in, 422 
lens of, 422 
optic nerve of, 422 
shape of lens, 422 
hon peta of, of school children, 


use of, in reading, 1042 
EKye-strain in hygiene of writing, 1051 
methods of securing intensity of light - 
sufficient to prevent, 1107 


Facr, growth of, 265 
of newborn, frontal section of, 296 
Facial skeleton, growth of, 265 
Facies of adenoid vegetations, 66 
Factors, lethal, in genetics, 206 
in sex ratios, 217 
many, simultaneous action of, in gen- 
etics, 207 
modifying, in mendelism, 198 
in sex ratios, 218 
yey and Courtney, metabolism bed of, 
24 
Fat, absorption of, 737 
and carbohydrate, comparison of, in 
influence on retention in infant, 803 
body, role of, in metabolism, 645 
effect of, on elimination of sodium 
and potassium, 782 ; 
upon calcium utilization, 772 
in feces of infant, 754 
centrifugal method of Cowie and 
Hubbard for determining, 755 
distribution method of Roese 
and Gottlieb, for determining, 
756 
effect of suppression of bile on, 
768 


nephelometric method of Laws 
and Bloor for determining, 756 
normal, breast fed, 758 
rapid methods for determination 
of, 755 
in food requirements of child, 929, 934 
total, and distribution in stools of 
healthy breast fed infants, 
758 
of infant compared with other 
children, 760 
fed on cow’s milk modifica- 
tion, 759 
utilization of, 754 
average, by infants fed on cow’s 
milk modifications, 760 
by normal breast fed infants, 758 } 
calcium influencing, 762 
factors influencing, 762 
in children above one year, 760 _ 
on mixed diet compared with 
infants on cow’s milk, 761 
influence of alimentary secretions 
on, 
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Fat, utilization of, influence of melting 
point on,: 765 
of other foods on, 766 
kind of fat influencing, 765 
Fatigue after exercise, 1069 
definition, 1023 
in school children, 1023 
in sixth year, 1025 
treatment, 1025 
gymnastic activities in, 1026 
recess periods, 1026 
' social activities in, 1026 
symptoms of, 1024 
tests of, 1024 
Fat-soluble vitamin A, 459 
in food requirements of child, 
929, 934 
Fatty acids, amounts of, obtained by 
saponification of 100 gm. butter, 765 
Fecal nitrogen, factors influencing, 745 
in breast fed compared with artifi- 
cially fed infants, 746 
influence of excess protein on, 742 
Feces of adults, nitrogen in, 753 
of infant, amino-acid nitrogen in, 752 
ammonia nitrogen in, 750 


modification of aeration 
method of Folin for deter- 
mining, 749 


bacterial nitrogen in, 754 
breast fed, total fat and its dis- 
tribution in, 758 
characteristic ingredients, 742 
color of, 744 
composition of, 740 
digestive enzymes in, 742 
fat in, 754 
centrifugal method of Cowie and 
Hubbard for determining, 755 
distribution method of Roese 
and Gottlieb, for determining, 
756 


effect of suppression of bile on, | 
768 


nephelometric method of Laws 
and Bloor for determining, 756 


rapid methods for determination 


of, 755 
free amino-acid nitrogen in, nitrous 


acid method of Van Slyke for 


determining, 750 
higher forms of nitrogen in, 752 
nature of, 740 


nitrogen in, methods for determina- 


tion of different forms of, 749 
total, modification of micro- 
method of Frolin for determin- 
ing, 749 
of curds in, 754 
normal, 741 
breast fed, fat in, 758 
character of, 742 
different forms of nitrogen in, 
748 
nuclein in, 744. 
odor of, 748 
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Feces of infant, proteins in, 745 
putrefactive products in, 743 
total amino-acid nitrogen in, after 
hydrolysis of proteins, method 
for determining, 750 
fat and its distribution in, in 
infants fed on cow’s milk 
modifications, 759 
urea nitrogen in, 752 
urease method of Marshall for 
determining, 749 
Fede, 140 
Federal Children’s Bureau, 164 
Feeble-minded children in nineteenth 
century, 117 
Feeble-mindedness in human 
tance, 243 
Feeding, infant, by nems, 148 
percentage, 141 
Feer, 139 
Feet, disorders of, diagnosis, 972 
rooster walk in, 974 
ruffling towel in, 974 
secondary results, 973 
treatment, 973 
exercises for strengthening, in flat- 
foot, 973 
flat, coexisting with round shoulders, 
967 


inheri- 


lamed and stiff, strapping with adhe- 
sive, 975 
of school children, 971 
pronated, causes, 972 
Female genital organs in newborn, 365 
care of, 1141 
infanticide in Assyro- Babylonian 
civilization, 19 
infants, sacrifice of, 3 
Femur, epiphyses of, 285 
shaft of, development of, 288 
Fetal blood passages, 382 
circulation, 382 
amount of blood in, 383 
change of, to post-natal type of 
circulation, 385 
life, distention of large intestine by 
meconium in latter part of, 321 
gastric juice, properties of, 709. 
secretion of, 709 
Fetus and mother, protection of, during 
period of gestation, 1132 
ductus arteriosus in, 385 
effect of syphilis on, 1135 
Bek age and dimensions of, 468, 


inflammation of uterus and tubes, 
_ effect on, 1135 
injury and death of, during parturi- 
tion, due to deformities of pelvis, 
1134 
temperature of, 526 
Fever, physiological, 657 
Fibula, epiphyses of, 290 
ossification of, 290 
Field of vision, 995 
Filatoff, works of, 98 


INDEX 


Filatoff-Dukes disease, 99 
Findlay, works of, 105 
Sega test for milk of wet-nurse, 
Finkelstein, x, 133, 136 
Finlayson, viii 
Fire laws, school, 1093 
First or infantile growth-cycle, 467 
First-born, sacrifice of, in Israel, 28 
Fischel, x 
Fisher Bill, 869 
Flash-word drill, 1045 
Flat-foot, cause, 971 
coexisting with round shoulders, 967 
diagnosis, 972 
exercises for strengthening feet in, 973 
passive exercises for, 973 
range of motion in, 973 
secondary results, 973 
symptoms, 972 
treatment, 973 
Fleisch, writings of, 85 
Flexure, splenic, in newborn, 327 
Flies, 865 
Floors, schoolroom, 1086 
Florida Peninsula, climate of, 1162 
Fluids, body, hydrogen ion concentra- 
tion of, 855 
Foci, carrier, 901 
Foesius, lv 
Foetor ex ore, 33 
Folin, aeration method of, modification 
of, for determining ammonia nitro- 
gen in feces of infant, 749 
micro-method of, modification of, for 
determining total nitrogen in feces 
of infant, 749 
Folk dancing, 1076 
medicine, status of child in, 8 
therapy, genesis of, explanation of, 10 
Fontanelles, 265 
accessory, 267 
anterior, 266 
cerebellar, 268 
definition, 266 
diameter of, in newborn, 268 
frontal or great, 266 
glabellar, 267 
lateral, 266 
mastoid, 266, 267 
metopic, 267 
number at birth, 266 
obliteration of, 269 
occipital or lesser, 266 
posterior, 266 : 
post-natal involution of, 268 
sagittal, 268 
sphenoid, 266 
stephanal, 266 
structure of, 266 
surface area.of, in newborn, 268 
time of closure, 513 , 
Food and external temperature, influ- 
ence of, on basal metabolism, 609 
caloric value of, correct method of 
estimating, 939 
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Food, calorimetry of, 530 
dynamic action of, in infants, 634 
reas during period of gestation, 
influence of, on heat production, 544 
on Bete ae! quotient of newborn, 


upon metabolism of children above 
nursing age, 681 
Sa ae phosphorus im, forms of, 
preventing acidosis, in requirements 
of child, 934 . 
protective, 936 
qualitative and quantitative effects 
of, 727 
relative proportion of vitamins in, 935 
requirements of child, 929 
acidosis-preventing foods, 934 
caloric estimation of, 931 
candy in, 936 
carbohydrates in, 929, 934 
fat soluble A in, 929, 934 
fats in, 929, 934 
iron in, 929, 934 
mineral salts in, 929, 934 
phosphorus in, 929, 934 
protective, 936 
proteins, sufficient amount of, 
929, 933 
vitamins in, 929, 934 
water in, 936 
water soluble B in, 929, 934 
Food stuffs, combustion heat value of, 
531 


respiratory quotients of, 574 
utilization of, in normal infants and 
older children, 744 
values, table of, 940 
Foot, anatomy of, 971 
arches of, 971 
bones of, development of, 290 
disorders of, game of catch for, 974 
relay race exercise in, 974 
shoes for, 974 
Foot, flat-. See Flat-foot. 
functions of, 971 
in resting, 972 
in standing, 972 
in walking, 972 
racing, long distance, 1075 / 
skeleton of, as whole, development 
of, 293 
Foot-candle meter for measuring light- 
ing for schools, 1113 
Foramen ovale in newborn, 389 
obliteration of, 390 
Forbush on play, 1076 
Forced blast heating of schools, 1103 
system for school ventilation, 1106 
Forceps delivery, 1138 
Forchheimer, vil 
Foreign resorts, climate of, 1166 
Forster, works of, 132 
Forsyth, works of, 105 
Fossa of Luschka, 304 
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Fossa of Rosenmiiller, 304 
Foundation of Society for prevention of 
blindness, 116 
Foundling asylum, first authentic, 118 
in Middle Ages, 57, 58 
Foundling’s Hospital, 71 
Foundlings, work of St. Vincent de Paul 
among, 70 
Fountain, drinking, school, 1093 
Fourteenth year, bones in, 258 
Fourth disease, 99 ; 
Fowl, germ cells of, experiments with 
~ + aleohol on, 176 
Fraentzel, vi 
‘Fragility of bones, hereditary, 232 
Frame, metabolism, 619 
of Hoobler, 623 
France, Mediterranean, climate of, 1167 
wartime infant welfare work in, 167 
western, climate of, 1166 
Frank, writings of, 79 ; 
Free amino-acid nitrogen in feces of in- 
fant, nitrous acid method of Van 
Slyke for determining, 750 
clinies, for schools, 917 


play, 10 
Freeman, works of, 111 
Freer, x 
Freezing point, 850 
Fresh air in home, 859 
Friedrich’s disease in human inheri- | 
tance, 231 
-Froebe!l’s method of teaching in kinder- | 
garten, 1045 
theory of child development, 1053 
Frontal bone, post-natal development 
of, 270 
fontanelle, 266 
sinus in newborn, 339 
Fund, Milk, Association, 163 
Furnaces for schools, 1100 


GALEN, ii 

Galen’s pediatrics, 46 

Gall-bladder in newborn, 334 

Galton’s law of inheritance, 188 

Game of catch for exercise in disorders 
of foot, 974 

Games, 1071 

Gamete, 190 

Garbage cans, 865 

Gargle for pneumonia carriers, 904 

Garrod, Batten and Thursfield, x 

Garters, round, 1084 

Gas radiators for schools, 1101 

Gastric contents, amount of, 311, 12 
digestion in infant, summary, 723 

lands of newborn, 315 
Juice, acidity of, 712 
factors which account for differ- 
ences in, 712 

at birth, 710 

character of, in infancy and child- 
hood, 712 

enzymes of, 716 
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Gastric juice, fetal, properties of, 709 
secretion of, 709 
psychic secretion, 711 
reaction after feeding, 713 
secretory mechanism of, 710 
mucous membrane in childhood, area 
of, 315 
Gastrin in stomach of fetus, 710 
Genes, 200 
Genetic change, methods of, 203 
nature of, 188 
Genetics as science, development of, 183 
genetic changes, 188: 
methods of analysis, 189 
cytological, 189 
mendelian, 189, 190 
recent advances, 200 
relation of soma to germ plasm, 
184 
recent advances in, 200 
lethal factors, 206 
methods of genetic change, 203 
physical basis of heredity, 200 
pure lines, 211 
sex determination, 212 
limited characters in, 222 
ratios, 215 
simultaneous action of many fac- 
tors, 207 
Genital organs, female, in newborn, 365 
external, 370 
male, imperfect development of, 
hereditary, 233 
in newborn, 358 
of newborn, care of, 1141 
Genotype, 211 
Gerhardt, vii 
works of, 93 
Gerlach, yalve of, 326 : 
Germ cells, alcohol experiments on, 175 
and cancer cells, analogy between, 
185 


radium experiments on, 175 
plasm, relation of soma to, 184. 
Weismann’s theory of, 184 
German measles, table of data of incu- 
bation, symptoms, length of quar- 
antine, ete., 895 
writers on pediatrics in nineteenth 
century, 92 
Germany, care of cripples in, 1181 
modes of prevention of infant mor- 
tality in, 160 
number of cripples in, 1181 
occupations taught cripples in schools 
in, 1187 
wartime infant welfare work in, 168 
Gesner collection of surgical treatises, iv 
Gestation, period of, duration of, 472 
protection of mother and child dur- 
ing, 1132 
Giants, 227 
Girls, Camp Fire, 1121 
weight to height increase in, 928 
Girtanner, writings of, 79 
Gland, lachrymal, in newborn, 422 
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Gland, Luschka’s, in newborn, 378 
pineal, in newborn, 379 
thyroid, in newborn, 372 
Glands, 960 
ductless, in newborn, 372 
enlarged, 961 
ao rs post-natal development of, 


gastric, in newborn, 315 

of Brunner, 320 

of intestinal tract, 320 

parathyroid, in newborn, 373 

salivary, anatomy, 303 

suprarenal, in newborn, 374 
Glisson, writings of, 74 
Globulins and albumins, differentiation, 


Glomus coceygeum in newborn, 378 
Glorification of child in modern life, 8 
Glossopalatine arch, 297 
Goiter, 80 
epidemic, 964 
etiology of, 963 
exophthalmic, 963 
hyperplastic, 963 
in boys and girls, age incidence in, 962 
simple colloid, 963 
topic, 963 
toxicity of, tests for estimating, 964 
treatment, 965 
types of, 963 
Gonorrheal ophthalmia, 1142 
Goodeye, works of, 86 
Goodhart, works of, 102 
Gottlieb and Rose, distribution method 
of, for determining fat in feces of in- 
fant, 756 
Gradient, metabolic, 704 
Grading 1 in schools, 1019 
Gram calorie, 850 
Grancher, 100 
Grancher and Comby, vii 
Grancher, Comby and Marfan, x 
Gravity indirect method of heating 
schools, 1102 
system for school ventilation, 1105 
Great Ormond Street Hospital for Chil- 
dren, 120 
Plains, climate of, 1163 
Greater omentum in newborn, 380 
Greed, instinct of, overcoming, 1013 
Greek’ aphorisms bearing on pediatrics, 


medicine, 37 
in Rome, 43 
physicians, 43 
Greeks, love of children pa Oh ef 
Green stain on teeth, 955 
Griffith, vii 
works of, 110 
Grip, strength of, determination of, 944 
Grosses vollstandiges Universal Lexicon 
aller Wissenschaften und Kiinste, iv 
Group instincts, 980 
Growing and mature cells, differences in 
metabolism between, 551 
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Growing organism, 
poses of, 799 
Growth, accelerative factor In process 

of, ‘451 
and development, 445 
autocatalyzed, 449 
autokinetic phase of, 449 
autostatic phase of, 449 
catalyzers of, 460 
changes in bodily proportions and 
structure which accompany, 509 
chemical foundation of, 445 
criteria of normality in, 487 
decrease in bodily density in, 510 
endocrine organs in processes of, 461 
energy equivalent of, 465 
impulse, 790 
in its relation to energy, 663 
in stature, 506 
in weight, 506 
and stature, Pelidisi index in, 508 
influence of environment on, 503 
of race and environment on, 485 
inhibitive factor in, 452 
internal modifications of bodily pro- 
portion in, 511 
of bacteria, 449 
period in which average weight of 
girls exceeds that of boys, 501 
physical manifestations of, 467 
post-natal, 476 
prenatal, 467 
ratio of bodily surface to weight or 
stature, 510 
retardation in, from disadvantageous 
environmental conditions, 506 
subtrates of, 456 
time-relations of, 499 
Growth-cycle, adolescent or third, 499 
first or infantile, 467 
second or juvenile, 499 
third or adolescent criteria of nor- 
mality in, 503 
Growth- cycles, 446 
Growth-process, general characteristics 
of, 445 
periods of instability in, 513 
Gubernaculum testis, 359 
Guggenbiihl, works of, 117 
Guillemeau, writings of, 74 
Guinea pigs, alcohol experiments on, 
179 
Gum abscesses, 955 
Gundobin, 141 
Gymnasium hose supporter, 1084 
Gymnastic activities for school children, 
2 


nitrogen in, pur- 


instruction, pepeaiad of, 115 
Gymnastics, 1080 
effects of, 1080 
Ling’s system, apparatus for, 1082 
bases of, 1081 
Swedish system, 1080 
Gynecia, iv Lae 
Gynecologic, Obstetric and Pediatric 
periodicals combined, 127 
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Gynecologic treatise of Soranus, 44 
Gynecology, encyclopedia of, iv 


Hasits, 985, 1013 ; 
biological, irregular, seriousness of, 
1003 
correct, 985 
counting, 1048 
good, books for encouraging, 1013 
James’ rules for establishment, 986 
of attention, establishment of, 997 
of coéperation, 1013 
with instinct, basis of behavior, 985 
Haggerty intelligence test for group 
examination of school children, 1018 
Hair color in human inheritance, 228 
form in human inheritance, 228 
types in human inheritance, 229 
white, congenital lock of, 225 
Hall, works of, 118 
Hall’s evolution theory of play, 1070 
Haly Abbas, writings of, 55 
Hamburger, vill 
Hammurabi, code of, 18 
Hand, bones of, ossification of, 282 
manner of clasping, in human inheri- 
tance, 237 
sesamoid bones of, ossification of, 285 
Handbuch der allgemeinen Pathologie 
und der pathologischen Anatomie 
des Kindesalters, ix 
der innere Medezin, vi 
der Kinderheilkunde, vii 
der Kinderkrankheiten, vil 
Hard palate, 297 
Hare, vii 
Hare-lip in human inheritance, 229 
Harris, writings of, 72, 73 
Hasse, cavum suctorium of, 296 
Hasselbalch’s technique of obtaining 
respiratory quotient, 572 
Hasty speech, 975 
Haustra of cecum, 323 
Hay-fever, climatotherapy in, 1175 
Head of newborn, musculature of, 293 
Health, Department of, advantages of 
control of health supervision in 
schools by, 876 
and Department of Education, 
coéperation between in_ health 
supervision of schools, 877 
departments, official, 868 
districts, consolidated, 872 
resorts, 1157 
Adirondack Mountains, 1159 
Algeria, 1167 
arid Southwest, 1164 
Bermudas and West Indies, 1162 
British Isles, 1166 
Central Europe, 1166 
New York and Pennsylvania, 
1160 
climatic classification of, 1168 
coast from 
Long Island, 1158 
Egypt, 1167 


New Hampshire to | 


INDEX 


Health resorts, Florida Peninsula, 1162 
foreign, 1166 | ; 
Great Plains, 1163 
Lake region, 1160 : 
lower Hudson and Connecticut 

valleys, 1159 
South, 1161 
Maine coast, 1157 
Maryland, Virginia and West 
Virginia, 1160 
Mediterranean France, 1167 
middle and northern California, 
1164 
Mississippi Valley, 1163 
Mountains of northern New Eng- 
land, 1158 
New Jersey, 1159 ‘ 
Newfoundland, New Brunswick, 
and Nova Scotia, 1157 
North Pacific Region, 1165 
Norway and Sweden, 1166 
Ohio Valley, 1161 
Oregon and Washington, 1165 
Peninsula of Italy, 1167 
Riviera, 1167 
Rocky Mountains, 1163 
Sicily, 1167 
Southern California, 1164 
Spain, 1167 
St. Lawrence Valley, 1159 
upper South, 1161 
school, administration, 866 
supervision in schools, advantages 
of control by Board of Educa- 
tion, 877 
advantages of control by Depart- 
ment of health, 876 
coéperation between Board of 
Health and Board of Education 
in, 877 
organization for, 876 
Heart clinics, 948 
defects, examination of school chil- 
dren for, 945 
disease, chronic, climatotherapy in 
1175 ; 
in newborn, 393 
dimensions of, 394, 395 
position of, 396 
weight of, 393 
of child as compared with heart of 
adult, anatomical differences of, 
946 
of normal children, 
testing, 947 
weight of, at different ages, 946 
Heat, 1095 
a by-product?, 523 
animal, sources of, proof of, 529 
elimination of normal and atrophic 
infants, 651 
energy, unit of, 850 
excessive loss of, in body tempera- 
ture, 527 
hot water, for schools, 1101 
how lost from body, 539 


exercises for 


INDEX 


Heat loss, protection against, 544 
producing organs of body, 528 
production, 522 

basal, from two months to one 
_ year of age, 640 
in warm-blooded animals, influ- 
nae of external temperature on, 
influence of food on, 544 
of muscular work on, 537 
method of computing, 532, 533 
of infants at various ages, 467 
of newborn infants, 590 
per square meter of body surface 
_for normal infants, 640 
radiation from infant’s body at 
different temperatures, 654 
regulation of infant, importance of 
clothing in, 655 
steam, for schcols, 1102 
value of colostrum, 615 
of oxygen and carbon dioxide for 
different non-protein respiratory 
quotients, 587 
vapor, for schools, 1101 
Heating and ventilation of schools, 1095. 
See also Schools, heating of. 
of nursery, 1147 
schools, standards of, 1096 

Heat stroke, 1153 

Heberden, writings of, 85 

Height to weight increase in boys and 
girls, 928 

Heine family, works of, 114 

Heliotherapy, 1154, 1177 

Hellas, care.of child in, 34 
exposure of infants in, 34, 35 
slave-nurses in, 34, 35 
superstitions and practices in care of 

child in, 36 

Hellenistic Athens, wet-nursing in, 35 

Helmholz,. 149 

Hematuria, hereditary, 233 

Hemeralopia, hereditary, 236 

Hemophilia, hereditary, 239 

Hemorrhage from stump of cord, 1139 

Henke, vil 
writings of, 85 

Henning, vii 
works of, 92 

Henoch, 94 

Henoch’s purpura, 94 


Hereditary ataxy, in human inheri- 


tance, 231 
factors carried by sex chromosomes, 
200 


fragility of bones, 232 
syphilis, 174 
Heredity and environment, 251 
physical basis of, 200, 
transmission and, distinction be- 
tween, 173 
Hess, 146 
Heterocyclic compounds, 784 
Heterozygous individual, 191 
Heubner, ix, 132, 134 
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Heubner and Rubner, 132 
Higher thought processes, 997 
Highmore, antrum of, 272 
in newborn, 338 
Hikes, 1121 : 
Hippocrates, pediatrics of, 37 
writings of, i 
Hippocratic canon, hygiene and diseases 
of infaney and childhood in, 37 
treatise on-joints, 38 
History of pediatrics, 1 
in Byzantium, 47 
in Egypt, 11 
in eighteenth century, 75 
in Hellas, 34 
in India, 22 
in Islam, 51 
in Israel, 27 
in Middle Ages, 55 
in nineteenth century, 84 
in Renaissance period, 59 
in Rome, 40 
in seventeenth century, 68 
in Sumer and Accad, 16 
in twentieth century, 130 
Hockey, 1073 
Hoffmann, iv 
writings of, 75 
Holland, infant welfare in, 162 
Holt, viii, 142 
Home, hygiene of, 859 
dust in, 864 
fresh air in, 859 
humidity in, 860 
location in, 865 
moisture of air in, 859 
ventilation in, 859 
location of, 865 
Homeric period, pediatrics in, 34 
Homozygous individual, 191 
Hoobler, 146 
metabolism frame of, 623 
Horn, sucking, 66 
Hose supporter, 1083 
gymnasium, 1084 
Hospitals, children’s, American, 121 
in England and America, 120 
in Europe, 121 
in nineteenth century, 118 
of London, 120 
Child’s, and Nursery, 121 
for Sick Children in Great Ormond 
Street, 120 
Foundling’s, 71 
Provincial Children’s of England, 
120-121 
Hot water heat for schools, 1101 
Hours of employment for child labor in 
United States, 1027 i 
Housing of mother during period of 
gestation, 1133 
How heat is lost from body, 539 
Howland, 143 
Hubbard and Cowie, centrifugal method 
of, for determination of fat in feces 
of infant, 755 
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Hiibner, iv 
Hudson, lower, and Connecticut val- 
leys, climate of, 1159 
Hufeland, writings of, 79 
Hughes-Smith Bill, 869 
Hugo, 117 
Human fetus, age and dimensions of, 
468, 469 
inheritance, 224. See also Inheri- 
tance, human. 
milk, composition of, 769 
skeleton, centers of ossification and 
separate bones in, at different ages, 
259 
Humerus, shaft of, ossification of, 283 
Humidity in climatotherapy, 1153 
in hygiene of home, 860 
in schoolroom, 1097 
indoors, 860 
Hungary, infant welfare in, 162 _ 
Hunger contractions, intervals in ap- 
pearance of, 698 
of stomach, method of recording, 
696 
greater in infant, physiological reasons 
for, 696 
juice, 711 
sensations from contractions of stom- 
ach, 696 
Huntington’s chorea in human inheri- 
tance, 231 
Hutchinson’s teeth, 955 
Hutinel, works of, 101 
Hwane-ti, i 
Hyaline cartilage, 275 
Hybridization in sex ratios, 217 
Hydrogen ion concentration, 714, 851 
expression of, 853 
method of indicators in deter- 
mination of, 852 
of alimentary tract, 854 
of blood and other body fluids, 
855 
useful indicators for determina- 
tion of, 853 
Hydrolysis, deamination by, 787 
of proteins, total amino-acid nitrogen 
in feces of infant after, method of 
determining, 750 
Hydrotherapy, 21 
Hygiene and diseases of infancy and 
childhood in Hippocratic canon, 37 
and safety, teaching of, by Depart- 
ment of Public Instruction, Tren- 
ton, New Jersey, 1030 
See Division of, Baker as chief of, 


infant, and infant welfare, periodicals 
devoted to, 129 
mental, courses in, 1022 
of school children, 977 
diagnosis, 1010 
_ treatment, 1012 
of peal wee 1180. See also 
/reppted children, hygiene of. 
of home, 859 Be i 


INDEX 


Hygiene of infants, 1132: 
of instruction, 1042 
arithmetic, 1048 
reading, 1042 
spelling, 1052 
writing, 1049 
of kindergarten, 1059 
of reading, 1042 
of school age, 866 
malnutrition in, 937 
manual training in, 1061 
mental, 977 
( association in, 988 
attention in, 995 
behavior in, 1007 
character in, 1005 
diagnosis in, 1010 
emotion in, 1002 
habit in, 985 
higher thought processes in,» 
997 


imagination in, 991 
instincts in, 980 
judgment in, 999 
memory in, 993 
perception in, 984 
reason in, 1000 
reflex acts in, 978 
sensations in, 984 
special classes in, 1063 
treatment in, 1012 
of school difficulties in, 1018 
volition in, 1003 
of spelling, 1052 
of writing, 1049 
practice of, sources of impetus to, 
1033 
school and pedagogics, in eighteenth 
century, 114 
child-study and pedagogies, peri- 
odicals devoted to, 128 
nutrition in, 928 
organizations contributing to, 889 
pioneer of, 79 
sex, teaching of, 1034 
begins as group work, 1039 
coéperative convenience in, 
1039 : 
purpose of, 1038 
sex abuse in, 1034 
conflict in, 1034 
delinquency in, 1035 
misinformation in, 1034 
teaching of, 1028 
method of Speyer school, 1029 
New Jersey system, 1030 
Hygienists, school, mortality rate before 
and after advent of, 957 
Hygrometer, 1097 
Hymen in newborn, 370 
Hyperchlorhydria, 716 
Hyperplastie goiter, 963 
Hyperthyroidism, 961 
in school children, 962 
Hypophyseal tissue, accessory masses 
of, in newborn, 379 


INDEX 


Hypophysis in newborn, 378 
weight of, 378 
pharyngeal, in newborn, 379 
Hypospadias, hereditary, 233 


Israuim, x, 139 
Ichthyosis, climatotherapy in, 1177 
hereditary, 235 
Idiocy, mongoloid, 965 
works on, 117, 118 
Tleocecal segment of intestine, perito- 
neal rélation of, in newborn, 381 
valves, 324 
Imagery, auditory, 992 
kinesthetic, 992 
object types, 992 
word or symbol types, 992 
verbal motor, 992 
visual, 992 
Imagination, 991 
Imaginative thinking, 992 
Importance of clothing in heat regula- 
tion of infant, 655’ 
Impressions, 994 
Impulse, growth, 790 
Inattention in children, 991 
Incisura angularis, 702 
Incontinence of urine, Egyptian recipe 
for, 14 
Index of sex determination, 214 
Pelidisi, as criterion of normality 
in growth in weight and stature, 
508 
ponderal, for computing bodily den- 
sity, 510 
refractive, of a solution, 848 
thoracic, 280 
vital, 944 
India, breast-feeding in, 24 
eare of newborn infant in, 24 
diagnosis of infantile diseases in, 25 
dosage for children in, 26 
history of pediatrics in, 22 
physicians in, 24 
wet-nurse in, 25 aiee 
Indicators, method of, in determination 
of hydrogen ion concentration, 
852 ; 
- useful, in determination of hydrogen 
ion concentration, 853 } 
Indirect and direct methods of obtain- 
ing energy metabolism of infants, 
comparison of, 630 
calorimetry, 532 ; 
gravity method of heating schools, 
= Nexo 
lighting for schools, 1112 
semi-, lighting for schools, 1112 | 
Indirect-direct method of heating 
schools, 1102 
Indistinct, blurred speech, 975 
Individualistic instincts, 980 ae. 
Individuality of chromosomes, principle 
of, 190 
Inductive method of reasoning, 1000 
Inefficiency, kidney, in infant, 716 
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Inefficiency of modern society in 
handling sex questions of children 
and youth, Wells on, 1041 

Inequality of sexes in respect to chroma- 

tin content, 200 
Infancy, action of saliva in, 695 
and childhood, hygiene and diseases 
of, in Hippocratic canon, 37 
physiology of metabolism in, 520 
character of gastric juice in, 712 
reaction of stools in, 782 
Infant and maternal welfare, English 
legislation bearing on, 160 
artificial nutrition of, in Renaissance 
period, 66 
at birth, average weight of, 473 
atrophic and normal, heat elimination 
of, 651 
metabolism of, 648 
basal metabolism of, 633 
- influence of age on, 639 « 
body, heat radiations from, at differ- 
ent temperatures, 654 
care of, in Egypt, 12 
in Islam, 51, 52 
clothing of, 1143 
abdominal bands, 1144 
diapers, 1144 
list of, 1145 
shoes, 1144 
stockings, 1144 
undergarments, 1143 
drowning and exposure of, in Rome, 
40, 42 
dynamic action of foods in, 634 
energy metabolism of, 551 
dynamic action of foods in, 634 
effect of proteins in, 635 
exhibition of opium in, 10, 11 
exposure of, during delivery, 1138 
in Hellas, 34, 35 
feces of. See Meces of infant. 
feeding by Nems, 148 
female, sacrifice of, 3 
from two weeks to one year of age, 
total energy requirements of, 661 
gastric digestion in, summary, 723 
greater hunger in, physiological rea- - 
sons for, 696 
heat regulation of, importance of 
clothing in, 655 
production of, at various ages, 467 
hygiene of, 1132 
and infant ° welfare, 
devoted to, 129 
prenatal care, 1132 
protection of mother and fetus 
during period of gestation, 1132 
length of, at birth, 475 his 
metabolism and infant nutrition, 
scientific investigation of, 134 
Benedict apparatus for determin- 
ing, 560 
closed-circuit method of study, 560 
influence of body temperature on, 
657 


periodicals 
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Infant metabolism, influence of external 
temperature on, 653 
of muscular activity on, 658 
mortality and infant welfare, 
~ twentieth century, 150 
causes for awakening interest in, 
156 
in eighteenth century, 81 
National Conferences on, 160 
‘Newsholme’s views on, 159 
prenatal influences in, 158 
prevention of, modes in Germany, 
Sweden and Denmark, 160 
muscular activity of, registration of, 
in energy metabolism of newborn, 
570 


in 


newborn. See Newborn. 
nitrogen partition in urine of, 804 
normal, and atrophic, heat elimina- 
tion of, 651 
and older children, utilization of 
food stuffs in, 744 
average minimal metabolism of, 
635 
total energy expenditure of two, 
for 24 hours, 661 
nose and mouth breathing, 1150 
nutrition and metabolism, scientific 
investigation of, 134 
of same age, but of different weight, 
metabolism of, 653 
percentage feeding for, 141 
porosity of bones of, 261 
position of, during sleep, 1151 
post-natal loss of weight in, and com- 
pensatory over growth which suc- 
ceeds it, 492 
premature, respiratory quotient of, 
583 


rapidity of growth of bones in, 261 
rectal temperature of, during first 
eight days after birth, 527 

respiration apparatus, 672 

Murlin’s 563 
respiratory quotient in, 638 

immediately after birth, 578 
restlessness during sleep of, 1150 
retention of protein in, 790 
rocking, 1150 
sleep of, 1150 
stomach, acidity of, external factors 

in, 716 . 
: hydrogen-ion concentration in, 
+ 


reaction after feeding, 713 
time to be spent out of doors, 1149 
urea in urine of, 804 
urine of, ammonia in, 808 
welfare and infant mortality in 

twentieth century, 150° 

conferences on, 156 
in Holland, 162 

in Hungary, 162 

in New Zealand, 162 
in Spain, 162 

in Sweden, 162 


INDEX 


Infant welfare in wartime, 166 
legislation, 154 
movement in United States, 162 
Infanticide, 2 
Act of 1871, 5 
- among savages, causes of, 4 
Christian antagonism to, in Byzan- 
tium, 51 
edicts against, in Middle Ages, 55 
female, in Assyro-Babylonian civiliz- 
ation, 19 
first official document against, 4 
in Islam, 51 
in Rome, 40 
prohibition of, by Jews, 27 
Infantile blindness, special nurses for, 
163 
convulsions, 38 
diseases, diagnosis of, in India, 25 
mortality in Renaissance period, 60 
in BAe bee century, England, 
1 
nutritional disorders, science of, in 
twentieth century, 130 
or first growth-cycle, 467 
orthopedics, history of, 114 
pathology in seventeenth century, 
68 


psychology, writings on, 113 
rickets in antiquity, 45 
scurvy, 103 
surgery, first treatise on, 65 
treatises on, 113 
Infection about navel, 1139 
meee of, in communicable diseases, 


of dental pulp, toothache from, 958 
Inferior extremity, development of 
bones of, 285 
Inflammation of uterus and tubes, 
effect on fetus, 1135 
Influenza, 81 
carriers, 907 
Infra-orbital canal, 272 
Inheritance, Galton’s law of, 188 
human, 224 
abnormalities of skin in, 235 
albinism in, 224 
artistic ability, 242 
cancer in, 229 
cleft palate i in, 229 
conclusions on, 245 
diabetes insipidus i in, 233 
mellitus in, 233 
ear defects in, 237 
epilepsy in, 239 
eye color, 224 
defects i in, 236 
feeble-mindedness i in, 243 
Friedrich’s disease i in, 231 
hair color in, 228 
form in, 28 
types i in, 229 
hare-lip in, 229 
hemophilia i in, 239 
hereditary ataxy i in, 231 


INDEX 


Inheritance, human, Hunti : 
_ chorea in, 231 ; Wa ee 

insanity in, 239 

manner of clasping hands in, 237 

mathematical ability in, 242 

mental ability in, 239, 240 

multiple births in, 234 

muscular atrophy in, 239 

musical ability, 241 

nail defects in, 229 

nomadic tendency in, 242 

Lge ge Beate ge physical .traits in, 


_ of mental traits, 239 
of physical traits, 224 
piebald spotting in, 225 
right and left handedness in, 237 
sex-linked, 237 
physical traits in, 224 
skeletal abnormalities in, 232 
skin color in, 228 
special traits and talents, 241 
stature in, 226 
teeth defects in, 229 
traits now identified as béing sex- 
linked recessives, 238 
white blaze in, 225 
spotting, 225 
Inherited tendencies of man, Thorn- 
dike’s analysis of, 981 
Inhibitions, 979 
Inhibitive factor in growth, 452 
Inorganic sulphates in urine of infant, 
820 


Insanity in human inheritance, 239 
Insoluble soap, influence of carbohy- 
drate on production of, 767 
Inspection of schoolrooms, 899 
Inspection of schools, medical, 117, 867, 
911 


costume for examinations, 924 
daily, 914 
equipment of room space for ex- 
aminations, 924 
monthly and mid-term examina- 
tions, 915 
Instability, periods of, in growth proc- 
ess, 513 
Instinct of greed, overcoming, 1013 
Instinctive physical and mental char- 
acteristics that appear 
at age of nine years and 
early part of tenth year, 
983 
from four to six years, 983 
from infancy to puberty, 


; 982 
from infancy to three 
years, 982 
from seven to nine years, 
983 


from ten to twelve years, 


983 
from thirteen to fifteen 
years, 984 
Instincts, 980 
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Instincts, adaptive, 981 
group or social, 980 
individualistic, 980 
parental, 980 
regulative, 981 
resultant and miscellaneous, 981 
self-preservative, 980 
Instruction, hygiene of, 
also Hygiene of instruction. 
Intermediate grades, psychcluvic char- 
acteristics of, study of, 1022 
Internal ear in newborn, 428 
Intestinal juice, 731 
enzymes of, 732 
tract, anatomy of, 318 
as whole, 318 
elastic tissue in, 321 
finer structure of, 320 
glands of, 320 
growth of, 319 
lymphoid tissue in, 320 
musculature of, 320 
shape of, 319 
villi of, 320 
weight of, 318 
wall, metabolism beyond, 783 
Intestine, large, anastalsis in, 706 
in newborn, 321 
movements of, 705 
law of, 703 
length of, in newborn, 319 
secretory mechanism of, 732 
small, anti-peristaltic waves of, 704 
in newborn, 321 
movements of, 703 
myenteric reflex of, 703 
rhythmical segmentation of, 704 
purpose of, 705 
swaying movement of, 705 
Intubation of larynx, 108 
Invertase, 732, 733 
Inverted nipples, 1137 
Involution, post-natal of fontanelles, 
268 
Iodin in thyroid gland, 962 
Ton, definition, 849 
Tron, absorption of, 779 
chloride réaction to acetonemic urine, 
4 7 


1042. See 


9 
in breast milk, 780 
in cow’s milk, 780 
in food requirements of child, 929, 
934 
in metabolism, 778 
utilization of, 779 
Irregularities of teeth, 955 
Irritability of muscle tissue, 1068 
Ishtar, mother-goddess, in Assyro- 
Babylonian culture, 17 
Islam, care of infant in, 51, 52 
circumcision in, 52 
education of children in, 52 
history of pediatrics in, 51 
infanticide in, 51 
wet-nursing in, 52 _ 
Islets of Langerhans in newborn, 328 
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Israel, breast-nursing in, 31, 32 
care of newborn infant i in, 30 
child-life in, 28 
circumcision in, 30 
history of pediatrics in, 27 
re-marriage of widows in, lactation 
as time limit of, 32 
sacrifice of first-born i in, 28 
superstitions and eee surround- 
ing childbirth in, 
weaning of child i in, 33 
wet-nursing in, 32 
Italy, Peninsula of, climate of, 1167 
Itard, works of, 117 


JACKETED stove for schools, 1099 
Jacobi, viii 
works of, 105 
Jahrbiicher, vi 
James, V 
James’ definition of memory, 994 
rules for establishment of habit, 986 
Janitors, school, 1094 
Jaw, lower, and inferior dental arch, 
growth of, 271 
Jelly of Wharton, 403 
Jewish medicine, 27 
Jews, prohibition of infanticide by, 27 
Joerg, works of, 86 
Joint, obstetric, 270 
Joints, Hippocratic treatise on, 38 
Jost and Koch, ix 
Joy and love, essential in child, 1014 
Judgment, 999 
beginnings of, 999 
development of, 1000 
Juice, hunger, 711 
intestinal, 731 
enzymes of, 732 
pancreatic, effect of alkali on, 727 
enzymes of, 
properties of, 725 
secretion of, 725 
Jiirgenson, vi 
Juvenile or second growth cycle, 499 


Kassowr1rz, works of, 97 
Katabolism, 521 
of protein, 803 

Katabolite, phosphorus as, 822 

Katastalsis, 704 

Kation, 717 

Keating, vil, viil 

works of, 110 

Keller, ix, 138 

Keller and Czerny, 133 

Kelly and Musser, vii 

Kelynack, x 

Keratitis, 459 

Kerley, works of, iii 

Kidney inefficiency i in infant, 716 

Kidneys in newborn, 352 
cortex of, 355 
glomeruli of, 354 
length and breadth of, 352 
lobulations of, 352 
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Kidneys in newborn, cep and vis- 
ceral relations of, 
tubules of, 354 
weight of, 352 
Kilogram calorie, 850 
Kindergarten, 1053 
Abt on, 1056 
Froebel’s, gifts and occupations in, 
1054 


principles which they violate, 


‘method of teaching in, 1054 
‘play materials in, 1054 
theory of child development, 1053 
hygiene, 1059 
home reactions in, 1060 
housing, 1059 
length of periods, 1060 
methods in, 1 057 
the teacher, 1059 
of department of Education of Uni- 
versity of Chicago, curriculum in, 
1057 
origin, 1053 
school, 1122 
Kinesthetic i imagery, 992 
sense, 992 
Kjeldahl, works of, 132 
Kdebs-Léffler bacillus, where found in 
carrier, 901 
Koch and Jost, ix 
Konversationslexika, iv 
Koplik, works of, 111 
Koran, pediatrics in, 51 
Kraus and Brugsch, vi 
Kruse and Selter, ix 
Kundrath and Wiederhofer, viii 
Kussmaul, vi 


Lasia major and minor in newborn, 370 

Labial tubercle, superior, 296 

Labor, Child, Division’ of Children’ s 
Bureau, 164 

Lachrymal gland in newborn, 422 

Ae EEL tight, as cause of injury to fetus, 


Lactase, 733 
Lactation, human, average composition 
of ash in different periods of, 616 
period of, as time limit for re-mar- 
riage of widows in Israel, 32 
Lactokinase, 729 
Lactoproteose 718 
La Fetra, works of, 112 
Lake Region, climate of, 1160 
Lamarck’s conception of acquired char- 
acters, 185, 187 
Lane-Claypon, works of, 104 
Langerhans, islets of, in newborn, 328 
Langstein, 138 
La Pratique des Maladies des Enfants, 
Vile 
Larynx i in newborn, 343 
intubation of, 108 
post-natal erowth of, 344 
sexual differences in, "344 


INDEX 


Lateral curvature of spine, 970 
Lathrop, 164 ae 
Lavialle’s modification of D’ Arsonval 
calorimeter, 632 
Law of chance, 191 
of compensation, in genetics, 213 
of inheritance, Galton’s, 188 
of mass action, 852 
of surface area, 540 
of the intestine, 703 
public health, 869 
Laws and Bloor, nephelometric method 
of, for determining fat in feces of 
infant, 756 
for protection of children in Rome, 
of Manu, 5 
quarantine, 869 
Lay’s experiment in spelling, 1052 
League, American Posture, 974, 1084 
Lecithin, 463 
Lecky, 165 
Lectures and exhibits on health, 890 
Left and right handedness in human 
inheritance, 237 
dorsal curvature of spine, 970 
Legislation, infant welfare, 154 
Legs of school children, measurement of 
length of, 945 
Lehrbuch der Kinderheilkunde, x 
Leisure time, influence of, on child, 1018 
Length of infant at birth, 475 
of legs of school children, measure- 
ment of, 945 
Lethal factors in genetics, 206 
in sex ratios, 217 
Levinson, v 
Lexicon Universale, iv 
Lieberkuhn, crypts of, 320 
Liebermeister, vi 
Life Protection Act, 154 
volitional, 986 
Light, polarized, and rotation of plane 
of polarized light, 848 
unit of quantity of, 1110 
Lighting of nursery, 1147 
of schools, 1107. See also Schools, 
lighting of. 
Limitation of offspring, 3. 
Ling’s system of gymnastics, apparatus 
for, 1082 
bases of, 1081 ; 
Lip, hare, in human inheritance, 229 
Lipase, 731 
in stomach of fetus, 710 
stomach, 722 
Lisping, negligent, 975 
organic, 975 ee eae 
Literature, American pediatric, in nine- 
teenth century, 91 
Liver in newborn, 329 
cells in, 333 i 
lobular structure of, 332 
parenchyma of, 333 
position of, 331 ° 
size of, 329 
Vou. I—77 
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Liver in newborn, weight of, 329 
Liver-swelling, 26 
dbel, v 
Location of home, 865 
London, children’s hospitals of, 120 
ong Island to New Hampshire, coast 
resorts of, climate of, 1158 
Lorenz, works of, 114 
Loss in weight of newborn, 612 
of water in newborn, 613 
Love and joy, essential in child, 1014 
of children among Greeks, 6, 7 
Lower South, climate of, 1161 
Lubarsch and Ostertag, vi 
Lucas, 149, 167 
Lumen, 1110 > 
Lunches for school children, 117, 942 
Lung capacity, measurement of, 943 
Lungs in newborn, 348 
alveoli of, 350 
changes in, after establishment of 
respiration, 349 
expansion of, 350 
volume of, 349 
weight of, 348 
of stillborn infant, 349 
Luschka, fossa of, 304 
Luschka’s gland in newborn, 378 
Lymphatic glands in newborn, 405 
Lymphatism, climatotherapy in, 1177 
Lymph-nodules in stomach Of newborn, 
317 


Lymphoid organs in newborn, 405 
tissue in intestinal tract, 320 
Lysin, 463 


Maasex Tuviah, y 
Magnesium, influence of, on calcium 
excretion, 775 
utilization of, 775 
Main coast, climate of, 1157 
Male genital organs, imperfect develop- 
ment of, hereditary, 233. 
in newborn, 358 
care of, 1141 
Malnutrition, 937 
causes of, 937 
climatotherapy in, 1171 
Malocclusion of teeth, 955, 956 
Malposition of uterus as cause of abor- 
tion in early months of pregnancy, 
1134 
Maltase, 731, 733 
Malthusian theory of limiting popula- 
tion, 2 
Mammary gland in newborn, 371 
natal secretion of, 372 
Man and animals, calorimetry of, 
32 


inherited tendencies of, Thorndike’s 
analysis of, 981 
Mandible at birth, 270 
method of growth of, 271 
post-natal development of, 270 
size of, 271 
Manu, laws of, 5 
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Manual training in schools, 1060 
psychologic investigation of, 


reasons of value of, 1061 
work, muscular coérdination in, study 
of, 1021 
Marbeau, 153 2 
Marfan, Comby and Grancher, x 
Marfan, works of, 102 
Marriott, 143 
Marshall, urease method of, for deter- 
mining urea nitrogen in feces of in- 
fant, 749 Oe 
Maryland, Virginia and West Virginia, 
climate of, 1160 
Massage, 21 : 
Maternal and infant welfare, English 
legislation bearing on, 160 
Maternity, laws for protection of, 155 
Mathematical ability in human inheri- 
tance, 242 ; 
Mature and growing cells, differences in 
metabolism between, 551 
Maxilla of newborn, 272 
post-natal development of, 273 
Maxillary sinus, 272 
in newborn, 338 
Mayr, works of, 96 
Measles, 80, 81 
table of data of incubation, symp- 
toms, length of quarantine, etc., 
895 


Measurements for children entering 
school, 922 

Measuring scale for physical develop- 
ment of boys, 930 

Mechanical efficiency of human body, 
538 

Mechanics of suction and swallowing, 
694 

Meconium, distention of large intestine 
by, in latter part of fetal life, 321 

Medice Artis Principes, iv 

Medical dictionaries, iv 
Dictionary of James, v 

Medical inspection of schools, 117, 867, 

911 


costume for examinations, 924 

daily, 914 

equipment of room space for ex- 
aminations, 924 : 

methods of handling, 875 

monthly and mid-term examina- 
tions, 915 

number of examinations per day, 
924 


questionnaire concerning, 878, 
883 


inspectors of schools, functions of , 875 
office for schools, 887 
equipment for, 888 
officers for schools, expense of, 887 
writers of Byzantium, 48 
Medici Antiqui Omnes, iv 
Medicine, Arabian, ii 
biblical, 27, 33 
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Medicine, Brahminical, texts of, 24 
Greek, i, 37 
in Rome, 438 
in ancient Persia, 22 
in Babylon, 20, 21 
in Egypt, 12, 13 
sources of, 13 
in Old and New Testaments, 27, 33 
in seventeenth century, iv 
in sixteenth century, iv 
in Talmud, 27, 29, 33 
Jewish, 27 
medieval, 58 
of Fathers of Christian Church of 
Byzantium, 51 
oriental, j 
preventive, in Assyro-Babylonian 
civilization, 22 
réle of Byzantium in history of, 47 
Roman, 1 
systems of, vi 
American and English, vii 
Mediterranean France, climate of, 1167 
Meissner, works of, 86 
Mellin, writings of, 79 
Membranes, semipermeable, 849 
Memorizing, efficient, four definite 
stages in, 995 
Memory, 991, 993 
established by means of association, 
994 
experiences, 994 
James’ definition of, 994. 
Mendel, 190 
Mendelian methods of analysis in 
genetics, 189, 190 
Mendelism, 190 
characters dependent upon simulta- 
neous presence of two or more fac- 
tors, 197 
general statement, 190 
modifying factors in, 198 
multiple allelomorphs in, 194 
maser factors or determinants in, 


papal of random recombination in, 
91 : 


of segregation in, 191 
Meninges and cranial sinuses in new- 
born, 420 
Meningitis, tuberculous, 77, 80 
Meningococcus carriers, 908 
treatment, 909 
where found in carrier, 901 
Mental ability in human inheritance, 239 
general, 240 
condition of mother during period of 
gestation, 1134 
hygiene, courses in, 1022 
of school children, 977 
diagnosis, 1010 
treatment, 1012 
ossicles, 270 
peculiarities that arise from too much 
mechanical drill in arithmetic, 1048 
traits in human inheritance, 239 


INDEX 


Mercuriali, iv 
writings of, 64 
Mesentery of small intestine, attach- 
ment of, in newborn, 381 
cee transverse, in newborn, 
Metabolic gradient, 704. 
phenomena, 131 
Metabolism, basal, 547 
affected by condition of thyroid 
gland, 964 
and body temperature, 608 
in infant, 633 
influence of age on, 639 
in newborn, 584 
computation of, 586 
different formule for surface 
area, 591 
influence of birth-weight on, 587 
of erying on, 607, 611 
of sex on, 604 
per unit of body-surface, 588 
relation of body-length to, 602 
statistical analysis of, 592 
influence of age on, 548 
of food and external temperature 
on, 609 
of physical characteristics on, 
547 
of sex on, 550 
of children, 668 
influence of age on, 674 
of muscular activity on, 682 
of puberty on, 679 
of sex on, 678 
of school children, 931 
bed of Courtney and Fales, 624 
before and after parturition, 589 
before birth, 551 
beyond intestinal wall, 783 
definition, 520 
differences in, between growing and 
mature cells, 551 
during first year of life, 664 
energy, 522 
before and after parturition com- 
pared with sexual rest, 557 
from two weeks to one year of age, 
618 


body temperature, 630 

collection of urine and 
feces, 619 

comparable 
629 

control of conditions, 624 

environing temperature, 

; 629 

graphic method of pulse, 

6 


conditions, 


25 
methods of obtaining, 618 
records of movements, 
pulse and respiration, 
625, 626 
immediately before birth, 556 
in warm-blooded animals, general 
considerations of, 522 
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Metabolism, energy, of children from 
nursing age to puberty, 668 
introduction, 668 
methods of study, 668 
of infant, 551 
direct and indirect methods, 
comparison of, 630 
dynamic action of foods in, 634 
effect of protein in, 635 
of mother and child, together 
before and after parturition, 558 
of newborn, 559 
Benedict apparatus for deter- 
mining, 560 
Murlin’s apparatus for determin- 
ing, 
other French methods for deter- 
mining, 571 
registration of muscular activity 
of infant, 570 
respiration apparatus for deter- 
mination of, by indirect method, 
essential feature of, 560 : 
experimentation in, as cause of sex, 
214 
frame, 619 
of Hoobler, 623 
in infancy and childhood, physiology 
of, 520 
infant, and infant nutrition, scientific 
investigation of, 134 
Benedict apparatus for determin- 
ing calcium in, 771 
closed-circuit method of, study of, 
560 
po ee of body temperature on, 
65 


of external temperature on, 653 
of muscular activity on, 658 
influence of birth-weight on, 587 
iron in, 778 
mineral, of breast-fed infant, two 
and one-half months, 825 
of atrophic infants, 648 
and normal, heat elimination of, 


influence of age in, 648, 650 
stage of atrophy in, 650 
of boys awake and sleeping, 684 
sitting very still, 682 
of children above nursing age, influ- 
ence of food upon, 681 
sitting as in school, 683 
of fat and thin boy, 686 
of infants of same age but of different 
weight, 653 
of normal infants, average minimal, 
635 
of plethora, 547 
of the embryo, 553 
on high and low protein, 798 
per unit of body surface, 588 
purin, of eight months infant, influ- 
ence of sodium nucleinate on, 817 
réle of body fat in, 645 
sleeping, of four infants, 628 
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Metabolism substance, 693 
surface area as a measure of, 600 
versus weight as measure of, 640 
urea, most important end product of, 
80: 


Metacarpals and phalanges, centers of 
ossification for diaphyses of, 285 
Metatarsal bones, epiphyses of, 292 
ossification of, 292 
Metlinger, writings of, 61 
Meyer, Ludwig, x 
writings of, 138 
Mice, alcohol experiments on, 177 
Micro-method of Folin, modification of, 
for determining total nitrogen in feces 
of infant, 749 
Micropthalmus, hereditary, 236 
Mid-day nap for older children, 1151 
Middle ages, art of, children in, 58 
asylums for children in, 57, 58 
edicts against abortion in, 55 
infanticide in, 55 
selling children into slavery in, 
55, 56 
medicine i in, 58 
wet-nursing in, 58 
and Northern California, climate of, 
1164 


ear in newborn, 426 
life, bones of skeleton in, 259 
Milk, albumen, 133 
boiled, action of rennin on, 717 
breast, biological value of, as com- 
pared with cow’s milk for growth 
of human offspring, 793 
casein from, amino-acids in, 786, 787 
extractive nitrogen, 796, 797 
substances in, 797 
iron in, 780 
non-protein constituents of, 797 
utilization of phosphorus by infants 
on, 777 
ecaculnion of, accelerating salts in, 
71 


nature of, 718 
retarding salts in, 717 
cow’s, and mother’ 8, utilization of 
calcium by infants on, 773 
biological value of, as compared 


with breast milk for growth of. 


human offspring, 793 
casein from, amino-acids in, 786, 
787 


composition of, 769 
iron in, 780 
non-protein constituents of, 797 
utilization of phosphorus by in- 
fants on, 777 
depot, first, 155, 156 
early human, analyses of, 616 
forms in which mineral elements are 
present in, 763 
Fund Association, 163 
human, composition. of, 769 
mother’s, and cow’s inilk, utiliza- 
tion of calcium by infants on, 773 
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Milk, pasteurized, 141, 142 
stations, 163 
teeth, eruption of, 511, 512 
witches’, 372 
Mills, x 
Mineral elements, forms 
present in milk, 763 
utilization of, 780, 781 
metabolism of breast-fed infant two 
and one-half months, 825 
salts in food requirements of child, 
929 
Minimum nitrogen requirement, 801 
standards for child labor for children 
in United States, 1026 
Misinformation, sex, 1034 
Mississippi Valley, climate of, 1163 
Model rural school, 1090, 1091 
Modern medicine, vii 
Modesty of Babylonian art, 
Modification of sex ratio by iearee 218 
of sex ratio by selection, 221 
Modifying factors in Mendelism, 198 
in sex ratios, 218 
Mohr and Staehlin, vi 
Moisture of air in home, 859 
Molars, 299 
eruption of, 300 
Mongolism, differentiation from cretin- 
ism, 965 
Mongoloid idiocy, 965 
Monoamino-dicarboxylie acids, 784 
Monoamino-monocarboxylic acids, 783 
Montessori, works of, 118 
Monti, ix 
works of, 98 
Moore, 157 
Moro, x, 148 
Morse, 143 
Mortality at school age, 873 
infant, and infant welfare in twen- 
tieth century, 150 
ree for awakening interest in, 
1 


in which 


in eighteenth century, 81 

in Renaissance period, 60 

in Rha 0 century England, 
1 


National Conferences on, 160 
Newsholme’s views on, 159 
prenatal influences in, 158 
prevention of, modes in Germany, 
Sweden, and Denmark, 160 
rates before and after advent of 
school hygienists, 957 
Mosher chair, 1088, 1089 
Mosquitoes, 865 
Mother and fetus during gestation, care 
of, 1137 
causes of malnutrition in, 1133 
clothing of, 1137 
effect of illness on, 1135 
exercise of, 1134 
exposure to contagious disease 
in, 1135 
food for, 1133 
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Mother and fetus during gestation, 
housing of, 1133 
improper nutrition of, 1132 
mental condition of, 1134 
occupation in, 1133 
physical defects in, 1134 
placenta previa in, 1137 
premature birth, 1137 
protection of, 1132 
prospective, clothing of, 1137 
Mother-goddess, Ishtar, in Assyro-Bab- 
ylonian culture, 17 
Moulthrop desk, 1087, 1088 
Mountain sickness, 1155 
Mountains of northern New England, 
climate of, 1158 
Mouth, anatomy of, 295 
and nose breathing of infant, 1150 
of newborn, care of, 1142 
reaction of, 708 
wash for pneumonia carriers, 904 
Movements of large intestine, 705 
of small intestine, 703 
of stomach, 695 
Movies, 1080 
Mucous membrane, gastric, in child- 
hood, area of, 315 
Multiple ailelomorphs, in mendelism, 
194 
births in human inheritance, 234 
factors or determinants, in mendel- 
ism, 195 
Mumps, 80 
table of data of incubation, symp- 
toms, length of quarantine, etc., 
895 


Murlin, 146 
Murlin’s respiration apparatus for in- 
fants, 563 


absorber system, 564 

control by combustion of alco- 
hol, 566 

with diabetic dogs, 569 

cooling system, 566 

heat control, 566 
subject, small black dog, 

567 


oxygen blank, 570 
oxygen system, 565 
residual system, 564 
respiration chamber, 564 
ventilation and measurement 
of respiratory exchange, 564 
Muscle tissue, characteristics of, 1068 
of newborn creatin content of, 811 
Muscular activity, influence of, on basal 
metabolism of children, 682 
on metabolism of infant, 658 
registration of, in energy metabo- 
lism of newborn, 570 
pulse as measure of, 608 
two kinds of, 1068 
atrophy, hereditary, 239 ; 
coordination greatest factor in mus- 
cular efficiency, 1069 
in manual work, study of, 1021 


Muscular strain, 1069 
work, influence of, on heat produc- 
tion, 537 
Musculature, 295 
of head and neck of newborn, 293 
of intestinal tract, 320 
of stomach in newborn, 317 
superficial, of trunk of newborn, 294 
eee ability in human inheritance, 


Musser and Kelly, vii 

Mutation, theory of, 203 

De Vries’, 188 

Mutationstheorie, 188 

Mutilation of children among savages, 3 
Myenteric reflex, 703 

Myxedema, 961, 964 


Nacain@, ill effects of, 1003, 1013 
Nail defects in human inheritance, 
229 
Nap, mid-day, for older children, 1151 
Nares, posterior, heighth and breadth 
of, in newborn, 338 
Nasal cavities in newborn, 335 
conch in newborn, 337 
Nasality, 975 
Nasmyths membrane, 301 
Nasopharynx, as habitat of bacillus in- 
fluenza, 907 
Natal secretion of mammary glands, 
372 
National Conferences on Infantile Mor- 
tality, 160 - 
tests for group examination of school 
children, 1018 
Nature of genetic change, 188 
Naunyn, vi 
Navel, infection about, 1139 
Nebraska Orthopedic Hospital for 
Cripples, 1184 ; 
Neck of newborn, musculature of, 293 
Negligent lisping, 975 
Nem system of von Pirquet for measur- 
ing food values, 932 
Nems, infant feeding by, 148 
Nephelometric method of Laws and 
Bloor for determining fat in feces of 
infant, 756 
Nephritis, climatotherapy in, 1172 
Nervous diseases in children, treatises 
on, 113 
original descriptions of, 113 
exhaustion climatotherapy in, 1176 
system, central, and organs of special 
sense in newborn, 415 
Neumann, viii 
Neural arches, 275 
Neuralgic affections, climatotherapy in, 
1176 
Neuromuscular system and exercise, 
1068 


Neuroses, climatotherapy in, 1176 
Neutral sulphur in urine of infant, 821 
New and Old Testaments, medicine in, 
27, 33 
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New Brunswick, climate of, 1157 
England, northern, climate of moun- 
tains of, 1158 
Hampshire to Long Island, coast re- 
sorts of, climate of, 1158 
Jersey, climate of, 1159 : 
York and Pennsylvania, central, cli- 
mate of, 1160 
study chair, 1088 
Zealand, infant welfare in, 162 
Newborn, asphyxia of, 1139 
basal metabolism in, 584 
computation of, 586 
different formule for surface 
area, 591 
influence of birth-weight on, 587 
of crying on, 607, 611 
of sex on, 604 
per unit of body surface, 588 
relation of body length to, 602 
statistical analysis of, 592 
bathing of, 1140 
bed for, 1147 
bladder in, 356 
brain of, 415 
care of eyes, 1142 
of genitals, 1141 
of, in India, 24 
of, in Israel, 30 
of mouth, 1142 
creatin content of muscles of, 811 
energy metabolism of, 559 


Benedict apparatus for deter- | 


mining, 560 
Murlin’s apparatus for deter- 
mining, 563 
other French methods for deter- 
mining, 571 
registration of muscular activity 
of infant, 570 
eye of, 421 
frontal section of face of, 296 
heat production of, 590 
infants, destruction of, 2 
loss in weight of, 612 
of water in, 613 
mouth of, reaction of, ‘708 
muscles of, creatin content of, 811 
musculature of head and neck of, 293 
of intestinal tract, 320 
of stomach, 317 
of trunk, 294 
number of bones in, 258 
oral cavity of, 296 
organs of special sense in, 415 
of Zuckerkandl in, 377 
penis and urethra in, 364 
era cs, respiratory quotient of, 


prostate in, 362 
prostatic urethra in, 362 
respiratory quotient of, 572 
effect of sugar on, 582 
fall in, 580 
influence of food on, 582 
points of practical interest in, 578 
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Newborn, respiratory quotient of, pre- 
cautions in obtaining, 573, 574 
scrotum and spermatic cord in, 364 
sigmoid colon in, 327, 382 
skull of, 262 
sinuses of, cranial, 420 
ethmoidal, 341 
frontal, 339 
maxillary, 338 
paranasal, 335 
sphenoidal, 339 
special sense organs of, 415 
spinal cord in, 420 
spleen in, 406 
splenic flexure in, 327 
sternum in, 281 
superficial musculature of trunk of, 
- 294 
testes in, 358 
thoracic wall of, 351 
thorax in, 280 
thymus in, 408 
thyroid gland in, 372 
total energy requirement of, 612 
trachea in, 344 
transverse colon in, 326 
trunk of, 294 
tying and care of cord, 1139 
umbilical arteries in, 391 
veins in, 392 
umbilicus in, 401 
ureters in, 356 
urethra and penis in, 364 
female, 370 
prostatic, 362 
uterus in, 368 
vagina in, 370 
vascular system in, 382 
vein, umbilical, 392 
vermiform process, 325 
vertebral column of, 273 
vocal cords of, 343 
Newfoundland, climate of, 1159 
Newsholme on infant mortality, 159 
works of, 104 
Nicoll, 149 
Night blindness, hereditary, 236 
Nineteenth century, children’s hos- 
pitals in, 118 
feeble-minded children in, 117 
history of pediatrics in, 84 
Nipples, inverted, 1137 
N ere amino-acid, in feces of infant, 


total, after hydrolysis of proteins, 
in feces of infants, method for 
determining, 750 
ammonia, in feces of infant, 750 
modification of aeration method 
of Folin for determining, 
749 
ammonia-acid in urine of infant, 809 
and sulphur fractions in urine of 
adults on high and low protein, 804 
bacterial, in feces of infant, 754 
complementary, 801 
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Nitrogen, dextrose, 801 
extractive, in human milk, 796, 797 
fecal, factors influencing, 745 
in breast-fed compared with arti- 
_ ficially fed infants, 746 
influence of excess protein on, 742 
free amino-acid, in feces of infant, 
nitrous acid method of Van Slyke 
_for determining, 750 
higher forms of, in feces of infant, 752 
in feces of adults, 753 
of infant, methods for determina- 
tion of different forms of, 749 
total, modification of micro- 
method of Frolin for deter- 
mining, 749 
of normal infants, different forms 
of, 748 
in ee organism, purposes of, 


in urine of normal children above 
weaning age, 805, 806 
of curds, in feces of infant, 753 
partition in urine of infants and 
children, 804 
requirement, minimal, 801 
retention, specific influence of carbo- 
hydrate on, 800 
urea, in feces of infant, 752 
urease method of Marshall for 
determining, 749 
Nitrous acid method of Van Slyke for 
determining free amino-acid nitrogen 
in feces of infants, 750 
Noeggerath, x 
Nomadic tendency in human inheri- 
tance, 242 
Non sex-linked physical traits in human 
inheritance, 224 
Non-inheritance of acquired characters, 
185 
Non-protein constituents of human and 
cow’s milk, 797 
respiratory quotient, 578 
Normality, criteria of, in third or adol- 
escent growth cycle, 503 
in growth, criteria of, 487 
Norms for strength of grip, 945 
of vital capacity, 943 
of weight in kg. with clothing, 944 
North Pacific Region, climate of, 1165 
Northern and middle California, cli- 
mate of, 1164 
Northrup, works of, 109 
Norway and Sweden, climate of, 1166 
Nose and mouth breathing of infant, 
1150 


in newborn, 335 
Nothnagel, vi 

Notification of Births Act, 157 
Nova Scotia, climate of, 1157 
Nuclease, 731 

Nuclein in feces of infant, 744 
Nucleinase, 815 ~ 
Nucleosidase, 815 
Nucleotidase, 815 
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Number concepts, 999 
of examinations per day in school 
medical inspection, 924 
Nurse, prenatal, 1137 
school, 914. 
follow-up work of, 916 
functions of, 875 
special, for infantile blindness, 163 
visiting, 163 
Nursery and Child’s Hospital, 121 
and its equipment, 1145 
beds for, 1147 
day, founding of, 153 
heating of, 1147 
lighting of, 1147 
temperature of, 1146 
toilet articles, 1148 
ventilation of, 1146 
Nursing age, metabolism of children 
ee influence of food upon, 
8 


to puberty, energy metabolism of 
children from, 668 
Nursing-flask, Egyptian, of Alexan- 
drian period, 16 
Nurslings, consultation for, 155 
Nutrition, artificial, of infants, 
Renaissance period, 66 
improper, of mother and fetus, 
during gestation, 1132 
in school hygiene, 928 
infant, and infant metabolism, scien- 
tific investigation of, 134 
Nutritional clinics in and out of public 
schools, 937 
infantile disorders, science of, in 
twentieth century, 130 


in 


OxsEct types of imagery, 992 
Obstetric, Gynecologic and Pediatric 
periodicals combined, 127 
joint, 270 
Occipital bone, post-natal development 
Ohi, 2 
fontanelle, 266 
Occupation of mother during period of 
gestation, 1133 
Odor of feces of infant, 743 
O’ Dwyer, works of, 108 
(iconomia Hippocratis, iv 
Oertel, vi 
Official health departments, 868 
Offspring, limitation of, 3 
Ohio Valley, climate of, 1161 
Old and New Testaments, medicine in, 


27, 33 
Omens, birth, Babylonian-Assyrian, 20 
Omentum, greater, in newborn, 380 
Open air schools, 1123. See also 

Schools, open air. 

Open-circuit method of Pettenkofer and 
Voit for study of infant metabolism, 
559 

Ophthalmia neonatorum, 1142 

Opiates, use of, among all peoples, 10 


_ Opium, exhibition of, in infants, 10, 11 
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Optic nerve in newborn, 422 
Oral cavity of newborn, 296 
Order of birth ratios, 216 
Oregon and Washington, climate of, 
1165 
Organ inferiority, Adler’s psychological 
theory of, 20 
Organic lisping, 975 ; 
Organism, growing, nitrogen in, pur- 
poses of, 799 
protein condition of, 793 a4 { 
Organization for health supervision, in 
schools, 876 
Organized play, 1071 
Organs, heat producing, of body, 528 
involved in physical exercise, 1066 
of special sense in newborn, 415 
of Zuckerkandl, in newborn, 377 
Oribasius, ii 
writings of, 48 
Oriental medicine, i 
Orthogenic school, monthly report of, 
1020 
Orthopedic Hospital, Nebraska, for 
cripples, 1184 
Orthopedics, infantile, history of, 114 
Osler, vii, vill, x 
Osmosis, definition, 849 
Osmotic pressure, definition, 849 
Ossicles, mental, 270 
Ossification centers, 258 
and separate bones in human skele- 
ton at different ages, 259 
for diaphyses of metacarpals and 
phalanges, 285 
formation of, 258 
number of, 258 
of carpus, 284 
of tarsus, 290 
primary, 258 
secondary, 258 
vertebral, 275 
of bones of hand, 282 
of thorax, 281 
of wrist, 282 
of carpal bones, 284 
of clavicle, 281 ; 
of fibula, 290 
of individual bones of pelvis, 279 
of metatarsal bones, 292 
of phalanges, 292 
of scapula, 282 
of segments of coccyx, 280 
of sesamoid bones of hand, 285 
of shaft of humerus, 283 
of radius, 283 
of ulna, 283 
of tibia, 288, 289 
process of beginning of, 258 
Osteopsathyrosis, hereditary, 232 
Ostertag and Lubarsch, vi 
Ostium of eustachian tube, 304 
Outing movement, country, 1120 
Ovaries in newborn, 365 
cortex of, 368 
descent of, 367 


INDEX 


Ovaries in newborn, follicles in, 368 
form, 366 
growth of, 365 
position of, 366 
weight of, 365 
Overcrowding of teeth, 955 
Oxidation, 521, 522 
end-products of, 531 
significance of, Warburg’s view as to, 


2 
Oxygen and carbon dioxide, heat value 
of, for different non-protein respira- 
tory quotients, 587 
Ozone for purification of swimming 
pools, 1117 


Paciric region, north, climate of, 1165 
Pad, sucking, 297 
Palate, cleft, in human inheritance, 229 
hard, 297 
Palatine tonsils, 305 
location of, 305 
weight of, 307 
Pancreas in newborn, 328 
position of, 329 
size, 328 
weight of, 328 
islets of Langerhans in, 328 
secretory mechanism of, 726 
Pancreatic enzymes, 725 
juice, effect of alkali on, 727 
enzymes of, 728 
properties of, 725 
secretion of, 725 
Pangenesis, Darwin’s theory of, 184 
Papyrus Ebers, 13 
Paracasein, 718 
Paradise of Wisdom, ii 
Paraganglia in newborn, 377 
Paralysis from spinal caries, 80 
Paranasal sinuses in newborn, 335 
Parathyroid glands in newborn, 373 
number of, 373 
Parental instincts, 980 
Parents, education of, 918 
Parrot, works of, 100 
Parrot’s disease, 100 
Pars glabra, 295 
villosa, 296 ; 
Parturition, energy metabolism before 
and after, compared with 
sexual rest, 557 
of mother and child to- 
Ale gether, 558 
injury and death of fetus during, due 
to deformities of pelvis, 1134 
metabolism before and after, 589 
Parumbilical veins in newborn, 393 
Pasteurized milk, 141, 142 
Patches, Peyer’s, 320 
Paul of Aigina, ii 
writings of, 50 
Pedagogics and school hygiene in 
eighteenth century, 114 
child study and school hygiene, peri- 
odicals devoted to, 128 


INDEX 


Pediatric charms of Atharva Veda, 23 
interest, special works of, ix 
literature, American, in nineteenth 
century, 91 
obstetric and gynecologic periodicals 
combined, 127 
Societies and Periodicals, 123 
Society, American, 123 
Pediatrics, American, in eighteenth 
century, 80 
Assyro-Babylonian, 20 
beside teaching in, 122 
clinical contributions bearing on, in 
seventeenth century, 74 
instruction in, first introduced by 
Rosenstein, 122 
Galen’s, 46 
Greek aphorisms bearing on, 40 
history of, 1 
in Byzantium, 47 
in Egypt, 11 
in eighteenth century, 75 
in Hellas, 34 
in India, 22 
in Islam, 51 
in Israel, 26 
in Middle Ages, 55 
in nineteenth century, 84 
in Renaissance period, 59 
in Rome, 40 
in seventeenth century, 68 
in Sumer and Accad, 16 
in twentieth century, 130 
in gynecologic treatise of Soranus, 44 
in Homerie period, 34 
in Koran, 51 
in Susruta Sambita, 24 
miscellaneous literature of, in eigh- 
teenth century, 79 
moncgraphs on, in seventeenth cen- 
tury literature, 75 
of Celius Aurelianus, 47 
of Hippocrates, 37 
periodicals and transactions devoted 
to exclusively, 125 ; 
social preventive, in twentieth cen- 
tury, 130 
systems of, vii 
Pediatrists, Austro-Hungarian, 96 
Pelidisi index as criterion of normality 
in growth, in weight and stature, 508 
Pellagra, 80 
hereditary, 233 
Pelvis, 276 
anatomy of, 276 
as a whole in newborn, 276 
cavity of, 276 : 
deformities of, as cause of injury and 
death of fetus during parturition, 
1134 
diameters of, as determined by meas- 
urements of living children, 279 
general form of, 276 
ossification of individual bones cf, 279 
position of, at birth, 277 
post-natal growth of, 278 
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Pelvis, sexual differences in, 277, 278 
Peninsula of Italy, climate of, 1167 
Penis and urethra in infant, 364 
Pennsylvania and New York, central, 
climate of, 1160 
Penzoldt and Stintzing, vi 
Pepper, vii 
Pepsin, 719 
action of, in digestion of proteins, 720 
and rennin, identical?, 721 
constituents of, 719 
in stomach of fetus, 710 
where found, 719 
Pepsinogen, 720 
Percentage feeding of infants, 141 
scale of vasomotor tone, 950 
Perception, 984 
Period of gestation, duration of, 472 
Periodicals and transactions devoted 
to pediatrics exclusively, 125 
combining obstetrics, gynecology and 
pediatrics, 127 
devoted to child-study, pedagogics 
and school hygiene, 128 
infant hygiene and 
welfare, 129 
pediatric, 123 
Periosteum of bones, 261 
Peristalsis in infant stomach, 701 
Peritoneal relation of ileocecal segment 
of intestine in newborn, 381 
of bladder in newborn, 382 
of duodenum in newborn, 381 
Peritoneum and abdomino-pelvic cay- 
ity in newborn, 380 
in newborn, 380 
Permanent teeth, 299 
eruption of, 300, 301, 512 
Persia, ancient, medicine in, 22 
Pertussis, climatotherapy in, 1175 
table of data of incubation, symp- 
toms, length of quarantine, etc., 895 
Peterson, x 
Pettenkofer and_ Voit’s ope-ncircuit 
method for study of infant metabol- 
ism, 559 
Peyer’s patches, 320 
Pfaundler, viii, x, 138 
Pfaundler and Schlossmann, vii 
Pfeiffer, viii 
Phalanges and metacarpals, diaphyses 
of, centers of ossification for, 285 
epiphyses of, 292 
ossification of, 292 
Pharyngeal hypophysis in newborn, 379 
recess, 304 
tonsil, 304 
as habitat of bacillus influenze, 
9 


to infant 


Pharynx, anatomy, 303 
growth of, 304 ; 
in infant and adult, differences in 
form, 304 
length, in newborn, 303 
Phayre, writings of, 64 
Phenomenon, Tyndall, 847 
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Phosphorus as a katabolite, 822 
in food materials, forms of, 822 
requirements of child, 929, 934 
in urine of infant, &23 
retention of, in infant, 823, 824 
utilization of, 776 
in infants on breast milk and cow’s 
milk, 777 
Photometer for measuring lighting for 
- schools, 1113 
Phryesen, iv 
Phthisis, climatotherapy in, 1179 
Physical basis of heredity, 200 
characteristics, influence of, on basal 
metabolism, 547 é 
chemistry, application to physiology 
of childhood, 847 
definition, 847 
defects, estimates of percentages of, 
927 
non-contagious, examination for 
detection of, 923 
of mother during period of gesta- 
tion, 1134 
development, measuring scale for 
boys, 930 
education activities after school, 1076 
effects of school examinations, 1021 
examination card, 925, 926 
exercise, especial organs or structures 
involved in, 1066 
manifestations of growth, 467 
minimum for child labor in United 
States, 1027 
_ traits in human inheritance, 224 
Physicians in India, 24 
Greek, 43 
Physico-chemical factors in digestion 
and absorption, 734 
Physiologic fever, 657 
method of estimating capacity of 
stomach, 312 
Physiology of childhood, application of 
physical chemistry to, 847 
of exercise, 1066 
of metabolism in infancy and child- 
hood, 520 
Piebald spotting in human inheritance, 
225 


Pineal body in newborn, 379 
Pirquet, 148 
Pisek, 143 
Placement and employment supervision 
of child labor in United States, 1027 
Placenta previa, as cause of loss of 
mother and fetus, 1137 
Plane of polarized light, rotation of, 848 
Plasm, germ, relation of soma to, 184 
Weismann’s theory of, 184 
Plastein, 721 
Plato, 3 
Play, 1004, 1070 
evolution theory of Hall, 1070 
Forbush on, 1076 
four theories of, 1070 
free, 1071 


INDEX 


Play grounds, 1078 
equipment, 1079 
length of period for play, 1080 
proper distribution as to age, 1079 
situation, 1078 
size, 1079 
supervisor of, 1080 
organized, 1071 
birth to one and one-half years, 
1071 
four to six years, 1072 
kindergarten period, 1072 
one and one-half to four years, 
1071 
seven to nine years, 1072 
ten to twelve years, 1072 
thirteen to fifteen years, 1073 _ 
Plenum system for school ventilation, 
1106 
Pleura of newborn, 352 
Plice plamate of uterus, 369 
Pliny, 
Plutarch, 3 
Pneumatic bed for registration of mus- 
cular activity of infant, 570 - 
Pneumonia carriers, 904 
unresolved and interstitial climato- 
therapy in, 1174 
Point, freezing, 850 
Polarized light and rotation of plane of 
polarized light, 848 
Police power of a community, 873 
Poliomyelitis, 78 
bacteria of, where found in carrier, 
1 


carriers, 907 
Polydactylism, hereditary, 232 
Ponderal index for computing bodily 
density, 510 


| Population, Malthusian theory of limit- 


ing, 2 
Porosity of bones in infancy, 261 
Portugal and Spain, Atlantic Coast of, 
climate of, 1166 


| Position of infant during sleep, 1151 
_ Possession by demons, Babylonian con- 


cept, 21 
Post-natal circulation, change of fetal 
circulation to, 385 
Geveloupat of certain cranial bones, 


of muscular system, 295 
of skull, 263 
growth, 476 
involution of fontanelles, 268 
loss of weight in infants and compen- 
satory over-growth which succeeds. 
it, 492 
Post-revolutionary period, education 
during, 866 
Posture, Bancroft’s standard for grad- 
ing children according to, 968 
correct, viewed from front, 966 
from side, 966 
exercise, fundamental standing posi- 
tion for, 968 


INDEX 


Posture, faults of, seen from front or 
rear, 967 
_ from side, 966 
importance of, 966 
in hygiene of writing, 1049 
League, American, 974, 1084 
normal, elevation cues for, i, 969 
poor, causes of, 968 
incidence of, 967 
three stages of, 967 
treatment, 969 
vertical line test in, 966 
Potassium, elimination of, effect of fat 
on, 
utilization of, 780, 781 
Pott’s disease, cardinal symptoms, 970 
Poverty, influence of, on child, 1018 
Practical applications in congenital and 
peed predisposition and heredity, 
4 


Practice of pediatrics, x 
Practitioner, value of, to science, 248 
Prausnitz, ix 
Predisposition, congenital and acquired, 
and heredity, 171 
Pregnancy. See also Mother and fetus 
during gestation. 
alcohol in, 1133 
cohabitation during, 1134, 1136 
vomiting of, 1135 
Premature births, 1137 
Prematurely born infants, respiratory 
quotient of, 583 
Prenatal care, 1132, 1137 
clothing in, 1137 
examination of urine in, 1135 
exercise in, 1134 
exposure to contagious disease in, 
1135 


food in, 1132 
housing, 1133 
illnesses in, 1135 
improper nutrition in, 1132 
mental condition in, 1134 
occupation in, 1133 
physical defects in, 1134 
clinic, 1137 
growth, 467 
nurse, 1137 J 
Pressure, osmotic, definition, 849 
Preventive medicine in Babylonia, 22 
Privies, care of, 865 : 
Processus vaginalis post-natal oblitera- 
tion of, 361 
Prolapse of cord, 1138 
of rectum, 38 
Pronated feet, causes of, 972 $ 
Properties and secretion of pancreatic 
juice, 725 
of solutions, 847 ( 
Prospective mother, clothing of, 1137 
Prostate in newborn, 362 
Prostatic urethra in newborn, 362 
Protection against heat loss, 544 
of child during puerperal period, 1138 
of children, laws for, in Rome, 40, 42 
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Protection of mother and child during 
period of gestation, 1132 
Protective foods, in requirements of 
child, 936 
Protein condition of organism, 792 
Proteins, 783 
absorption of, 738 
action of pepsin in digestion of, 720 
biological value of, 793 
for adult, 794 
comparative composition of, 786 
digestion of, by trypsin, 729 
dynamic effect of, in metabolism of 
infant, 635 
oe influence of, on fecal nitrogen, 
fed, amount of, effect on nitrogen re- 
tention, 797 
hydrolysis of, total amino-acid nitro- 
gen in feces of infant after, method 
of determining, 750 
in diet of school children, 929, 934 
in feces of infant, 745 
influence of, on sulphur in urine of in- 
fant, 820 
katabolism of, 803 
low and high, metabolism on, 798 
nitrogen and sulphur in urine of 
adults on, 804 > 
retention of, effect on, of amount of 
protein fed, 797 
in infant, 790 
significance of, in nutrition, 786 
synthesis of, 788 
utilization of, 745 
Provincial children’s hospitals of Eng- 
land, 120,121 
Psoriasis, climatotherapy mays TAN 7/ 
Psychasthenia, 1021 
Psychologic characteristics of inter- - 
minediate grades, study of, 1022 
investigation of manual training in 
schools, 1021 
Psychology in schoolroom, 1019 
infantile, writings on, 113 
Psychrometer, sling, 1097 
Ptyalin, 708 
Puberty, bones of skeleton at, 258, 259 
influence of, on basal metabolism 
of children, 679 
nursing age to, energy metabolism 
of children from, 668 
Public Health Acts, 158 
bill establishing department of, 870 
law, 869 
and administration as related to 
states, 871 
Puerperal period, protection of child 
during, 1138 
Pulp, dental, dying, toothache from, 
958 


infection of, toothache from, 958 
Pulse as measure of muscular activity, 
608 


examination of, in school children, 
045 
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Pulse rate and blood pressure in relation 
to exercise. in normal children, 947 
Punishment, 1014 
Pure lines in genetics, 211 
Purin bases in urine of infant, 818 
bodies, total, in uric acid "of infant 
on breast and artificial feeding, 817 
metabolism of eight months infant, 
putin ee of sodium nucleinate on, 
81 


Putrefactive products in feces of infant, 
743 


Pyloric stenosis, congenital, 80 
Pyorrhea, 955 


eee and quantitative effects of 
food, 727 d : 
Quarantine in communicable diseases, 
894 


laws, 869 
of diphtheria carriers, 906 
school room, 897 
Questionnaire’ concerning medical in- 
spection in schools, 878-883 
Quincke, vi 
Quinsy, 33 
Quotient, energy, 667 
respiratory, 534. See also Respira- 
tory quotient. 


Race and environment, influence of, on 
growth, 485 

Races, various, stature of children of, 
503 


Rachtord, works of, 111 
Radiators, gas, for schools, 1101 
Radium, experiments with, on germ 
cells, 175 
Radius, shaft of, ossification of, 283 
Rain and snow, 1154 
Ramus of jaw, post-natal growth of, 
DTA, G40? 
Random recombination, principle of, 
191 
Ratios, sex, 215 
Rau, Vienna ship of, 82 
Rauchfuss, viii 
works of, 98 
Raudnitz, ix 
Raulin, writings of, 78 
Reaction of stools. in infancy, 782 
Readers, school, suitable . type for, 
1046, 1047 
Reading, defects in, treatment, 1045 
avoid glare, 1047 
silent reading, 1046 
suitable type, 1046, 1047 
hygiene of, 1042 
assimilation i in, 1043 
diagnosis of reading defects, 1045 
fixation points in, 1043 
head movements i in, 1045 
inner vocalization i in, 1045 
pauses in, 1043 
perception or attention span in, 
1043 


INDEX 


Reading, hygiene of, rapidity of rate in, 
1043 


regressive movements of eyes in, 
1043, 1045 
use of eyes in, 1042 
Reason, 1000 
Reasoning, deductive process of, 1000 
inductive method of, 1000 
Recent advances in genetics, 200 
Recess periods for school children, 1026 
pharyngeal, 304 
Recessive character, 192 
Recirculation of air in ventilation of 
schools, 1106 
Recombination, random, principle of, 
191 
Rectal temperature of infants during 
first eight days after birth, 527 
Rectum in newborn, 327 
prolapse of, 38 
Red Cross, American, Children’s 
Bureau of, 167 
Reference Handbook of Medical 
Sciences, vii 
Reflex acts, 978 
conditioned, 978 
myenteric, 703 
Reflexes involved in suction and swal- 
lowing, elicitation of, 695 
unconditioned, 978 
Refractive index of solution, 848 
Regimen Sanitas, iii 
Regnault and Reiset’s method of study 
of infant metabolism, 559, 560 
technique of obtaining’ respiratory 
quotient, 573 
Regulation of body temperature, 544 
Regulative instincts, 981 
Rehn, works of, 93 
Reiset and Regnault’ s method of study 
of infant metabolism, 559, 560 
Relapsing fever, 80 
Relay race for exercise in disorders of 
foot, 974 
Religious attitudes for child training, 
4 


‘instruction of child in Israel, 30 
training, normal, for child, 1004, 1018 
Re-marriage of widows, period of lacta- 
tion as time limit of, in Israel, 32 
Renaissance Period, artificial nutrition 
of infants in, 66 
education and ‘training of children 
in, 67 
history of pediatrics in, 59 
writers of, 60 
Rennin, 716 
and pepsin, identical?, 721 
effect of antiseptics on, 718 
in stomach of fetus, 710 
states of, in stomach, 718 
where found, 716 
Reproduction, teaching to children, 
Elsie Wygant’ s method, 1039 
Resorts, health, climatic ‘classification, 
of, 1168 


INDEX 


Respiration apparatus for determina- 
tion of energy metabolism by 
indirect method, essential fea- 
tures of, 560 

infants’, 672 

_ Murlin’s, 563 
artificial, in asphyxia, 1138, 1139 
calorimeter, 135, 535, 632 

Respiratory alveoli, growth of, 350, 351 

determination, 943 
diseases, climatotherapy. in, 1174 
method of Tissot for determining 

energy metabolism of newborn, 571 
quotient, 534 

definition, 572 

in infant, 638 

non-protein, 578 

of different food stuffs, 574 

of embryo, 555 

of as immediately after birth, 

578 


of newborn, 572 
effect of sugar on, 582 
fall in, 580 
influence of food on, 582 
etre of practical interest in, 
78 


precautions in obtaining, 573, 
574 
of prematurely born infants, 583 
technique of, 572 
Hasselbalch’s, 573 
Regnault and Reiset’s, 573 
Weiss’s, 572 
system and exercise, 1066 
in newborn, 335 
tract, carrier foci in, 901 
Restlessness during sleep of infant, 
1150 


Resultant and miscellaneous instincts 
and feelings, 981 
Retardation in growth, from disadvan- 
tageous environmental conditions, 
506 


relative, period of, and difficulty of 
adjustment in fourth grade, 1022 
Retarding salts in coagulation of milk, 
wee 


Retention in infant, comparison of car- 
bohydrate and fat in influence on, 
803 
nitrogen, specific influence of carbo- 
hydrate on, 800 
of ash constituents in older children, 
$26 
of phosphorus in infant, 823, 824 
ef protein in infant, 790 
of sulphur influenced by carbohy- 
drate, 819 ; : 
of urine in children, Egyptian recipes 
for, 14 
protein, effect on, of amount of pro- 
tein fed, 797 ; 
Retinitis pigmentosa, hereditary, 236 
Rhazes, ii 
writings of, 53 
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Rheumatoid diseases, 
in, 1172 
Miya Segmentation, of intestine, 


climatotherapy 


Ribot’s classification of character, 1005 

Richet calorimeter 3 siphon, 630 

Rickets, 459 
climatotherapy in, 1171 
infantile, in antiquity, 45 

Riding, bicycle, 1076 — 

Riga’s disease, 140 

Right and left handedness in human in- 
heritance, 237 

Rilliet, works of, 88 

Rindfleisch, vi 

Ring, umbilical, 402 

Riviera, climate of, 1167 

Robinson, x 

Rocking the baby, 1150 

Rocky Mountains, climate of, 1163 

Roelants, writings of, 62 

Roese and Gottlieb, distribution meth- 
od of, for determining fat in feces of 
infant, 756 

Roger, works of, 100 

Roger’s disease, 100 

Roman medicine, i 

Rome, exposure and drowning of infants 

in, 40, 42 

Greek medicine In, 43 
history of pediatrics in, 40 
infanticide in, 40 


| Room, assembly, school, 1092 


chart of communicable disease, 898 
inspection, school, 899 
quarantine, school, 897 

Rooster walk exercise for disorders of 
foot, 974. 

Rosenmiiller, fossa of, 304 

Rosenstein, clinical instruction in pedi- 
atrics introduced by, 122 

Rotation of plane of polarized light, 848 

Rotch, viii, 141 

Rothschild, 140 

Round shoulders, 967 

Rousseau’s ideals of training, 866 
writings, 82 

Roussel, 154 

Rowing, 1075 

Rubber bed for recording. muscular 
activity of infant, 571 

Rubella, scarlatinal, 99 

Rubner and Heubner, 132 

Rubner, works of, 132 

Ruffling towel exercise in disorders of 
feet, 974 

Ruhrah, 145 

Rumford, 117 

Runaways, 1017 

Rush, writings of, 81 


Sacus, works of, 111 
Sacrifice of first-born in Israel, 28 
Sacro-pelvic angle, 276 
Sacrum, 276 
segments of, 279 
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Sacs, dental, 299 
Safety and hygiene, teaching of, by De- 
partment of Public Instruction, Tren- 
ton, New Jersey, 1030 
Sale of children, 5 
Salerno, School of, ii 
Saliva, action of, in infancy, 695 
amount of secreted, 707 
functions of, 707 
in adult, reaction of, 708 
infant’s physico-chemical properties 
of, 708 
variations in digestive power of, 
708 
Salivary glands, anatomy, 303 
nerve supply of, 709 
Salts, accelerating, in coagulation of 
milk, 717 
retarding, in coagulation of milk, 717 
Saponification of 100 gm. _ butter, 
amounts of fatty acids obtained by, 
765 
Savages, infanticide among, causes, 4 
mutilation of children among, 3 
Scanning speech, 975 
Scapula, ossification of, 282 
Scarlatina, 81 
Scarlatinal rubella, 99 
Scarlet fever, table of data of incuba- 
tion, symptoms, length of quarantine, 
etc., 896 : 
Schick test in diphtheria carriers, 906 
Schloss, 149 
Schlossmann, 137 
Schlossmann and Pfaundler, vii 
Schmitt, vi 
School absentees, 914 
ee physical education activities 
or, 
age, hygiene of, 866. See also Hy- 
giene of school age. 
mortality at, 873 
architecture, 1085 
assembly rooms, 1092 
basements, 1093 
blackboards, 1086 
classrooms, 1085 
cloakrooms, 1088 
corridors, 1092 
desks, basic principles, 1087 
doorways, 1093 
fire laws, 1093 
floors, 1086 
showers, 1092 
toilets, 1089 
walls, 1086 
washrooms, 1092 
water supply, 1093 
window shades, 1086 
children, clothing of, 1083 
examination of eyes of, 115 
fatigue in, 1023 
feet of, 971 
glands of, examination of, 966 
grading of, 1019 
hyperthyroidism in, 962 


School children, importance of posture 


in, 9 
lunches for, 117 
medical inspection of, 117 
mental hygiene of, 977 
diagnosis, 1010 
treatment, 1012 
sleep for, necessity of, 1027 
special classes for, 1063 
blind, 1063 
crippled, 1065 
deaf, 1064 
speech disorders of, 975 
spinal deformities in, 970 
thyroid gland of, 961 
communicable diseases, 
statistics of, 891 
diseases, 892 
entrance, age and development in 
relation to, 919 
measurements of children for, 922 
examinations, physical effects of, 
1021 
health administration, 866 
problem, methods of handling, 875 
hygiene and pedagogics in eighteenth 
century, 114 
child-study, and pedagogics, peri- 
odicals devoted to, 128 
nutrition in, 928 
organization contributing to, 889 
pioneer of, 79 
hygienists, mortality rate before 
and after advent of, 957 
inspection, medical, costume for 
examinations, 924 
kindergartens, 1122 
lunches, 942 
medical inspection, number of exami- 
nations per day, 924 
nurse, 914 
follow-up work of, 916 
functions of, 875 
of Biometricians, 188 
of Salerno, li 
Open-air, Elizabeth McCormick of 
Chicago, 1127 
for cripples, St. Louis, 1186 
traveling, 1123 
Orthogenic, monthly report of, 1020 
readers, suitable type for, 1046, 
1047 
rural, model, 1090, 1091 
site, 1085 
teachers, functions of, 876 
time, conservation of, 1021 


mortality 


Schoolroom chart of communicable 


disease, 898 
inspection, 899 
psychology in, 1019 
quarantine, 897 


Schools, contagious eye diseases in, 


_management of, 914 
disinfection of, 1094 
dust in, 1094 
free clinics for, 918 


INDEX 


Schools, health supervision in, advan- 
tages of control by Board 
of Education, 877 
by Department of Health, 876 
cooperation between Board of 
Health and Board of Educa- 
in, 877 
organization for, 876 
heating of, 1095 
automatic regulation, 1096 
combination system, 1103 
direct, 1097 
direct-indirect, 1102 
forced blast, 1103 
fresh air intake, 1096 
furnaces, 1100 
gas radiators, 1101 
gravity indirect, 1102 
hot water, 1101 
humidity in, 1097 
indirect, 1098 
jacketed stove, 1099 
size of plant, 1096 
split system, 1103 
standards of, 1096 
steam, 1102 
temperature in, 1096 
types of, 1098 
unit system of, 1103 
vapor heat, 1101 
ventilation in, 1098 
janitors, 1094 
lighting of, 1107 
artificial, 1110 
by electricity, 1111 
direct light, 1111 
duplexalite, 1112 
foot-candle as standard of, 1107 
indirect light, 1112 
intensity of light, 1110 
light from other directions, 1109 
from proper directions, 1111 
method of procuring top lighting, 
1109 


of securing intensity of light 
sufficient to prevent eye-strain, 
1107 


natural lighting, summary of, 1110 
photometer or foot-candle meter 
for measuring, 1113 
quality of, 1111 
/ quantity of, 1110 
semi-indirect light, 1112 
size of wire or filament which pro- 
duces illumination, Etid* 
manual training in, psychologic inves- 
tigation of, 1021 
medical inspection of, 867, 911 
daily, 914 
equipment of room space for 
examinations, 924 
methods of handling, 875 ; 
monthly and mid-term examina- 
tions, 915 : 
questionnaire concerning, 878, 
883 
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Schools, medical inspectors of, func- 
tions of, 875 
office for, 887 

equipment for, 888 

nutritional clinics in, 937, 938 

open air, 1123 
chairs and desks for, 1125 
clothing, 1127 : 
colds contracted by children, 

1129 


cost of lunches, 1128 
economic conditions of pupils, 
1128 


equipment, 1127 

first forest school, 1123 
in United States, 1123 

floor of, 1127 

for cripples, 1185, 1186 

health observations, 1129 
precautions, 1128 
supervision, 1129 

Se and ventilation of, 1126, 
112 : 


kinds in United States, 1124 
lunches for, 1128 
routine of medical inspector, 1129 
sites for, 1125 
summary, 1130 
types of, 1123 
windows for, 1127 
shower baths for, 1114 
special classes in, 1063 
summer, 1120 
colony, 1122 
swimming pools for, 1113. 
Swimming pools. 
traveling open air, 1123 
vacation, 1120 
ventilation of, 1095, 1098, 1104 
exhaust system, 1105 
forced blast system, 1106 
fresh air by dilution, 1105 
by displacement, 1105 
gravity system, 1105 
method of, 1104 
plenum system, 1106 
recirculation of air, 1106 
standards for, 1104 
systems of, 1105 
vacuum system, 1105 
Schrotter, vi 
Schwalbe and Briining, ix 
Schwalbe and Ebstein, vi 
Science of genetics, development of, 183 
of infantile (nutritional) disorders, in 
twentieth century, 130 
value of practitioner to, 248 
Scientific investigation of infant metabo- 
lism and infant nutrition, 134 
Scrofulosis, climatotherapy bay, WLe/7y 
Scrotum and spermatic cord in new- 
born, 364 
Scurvy, infantile, 103 
Sea-air, 1155 
Seashore, climate of, 1155 
Seasonal climatotherapy, 1168 


See also 
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Sebastianus Austrius, writings of, 63 
Second or juvenile growth cycle, 499 
Secretion and properties of pancreatic 
juice, 725 
natal, of mammary glands, 372 
Secretions, alimentary, influence of, on 
utilization of fats, 767 
Secretory mechanism of intestines, 


of pancreas, 726 
Sedgwick, 149 ] ; 
Segmentation, rhythmical, of intestine, 


4. 
Segregation in hybrid germ cells, prin- 
ciple of, 191 
Seguin, works of, 117 
Selection, modification of sex ratio by, 
221 
Self-preservative instincts, 980 
Selter and Kruse, ix 
Semi-indirect light for lighting schools, 
1112 
Semi-permeable membranes, 849 
Semmelweis, 146 
Senator, vi 
Sensations, 984 
Sense, kinesthetic, 992 
special, organs of, in newborn, 415 
Serology in twentieth century, 146 
Serum, blood, electric conductivity of, 
849 
Serunke, 33 
Sesamoid bones of great toe, 293 
ossification of, 285 
Seventeenth century, art of, children 
in, 
England, infant mortality in, 71 
treatment of child in, 71, 72 
history of pediatrics in, 68 
infantile pathology in, 68 
medicine in, 1v 
monographs and clinical contribu- 
one bearing on pediatrics in, 74, 
5 
treatment of child in, 68, 69 
writers of, 72 
Sex abuse, consideration of, 
cell, 190 
chromosomes, 200 
hereditary factors carried by, 200 
conflict, 1034 
consciousness, moral disintegration 
of, 1035 
delinquency, 1035 
determination, 212 
index of, 214 
education, beginning of, 1038 
experimentation in metabolism as 
cause of, 214 
hygiene, teaching of, 1034 
begins as group work, 1039 
coéperative obedience in, 1039 
purpose of, 10388 
sex abuse in, 1034 
conflict in, 1034 
delinquency in, 1035 
misinformation in, 1034 


1034 
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Sex, influence of, on basal metabolism, 
550 


in newborn, 604 
of children, 678 
limited characters in genetics, 222 
misinformation, 1034 x 
ratio, modification by selection, 221 
by alcohol, 218 
ratios, 215 
causes modifying, 216 
general considerations, 215 
hybridization in, 217 
lethal factors in, 217 
modifying factors in, 218 
order of birth in, 216 
Sexes, inequality of, in respect to 
chromatin content, 200 
Sex-linked physical traits in human in- 
heritance, 237 
Sexual differences in larynx, 344 
in pelvis, 277, 278 
Shaw, 165 
Shedding of deciduous teeth, 300 
Sheffield, works of, 112 
Shoes, 974 
in disorders of feet, 974 
Shoulder straps, 1083 
Shoulders, round, 967 
Shower baths for schools, 1092, 1114 
Sicily, climate of, 1167 
Sick Children, Hospital for, in Great 
Ormond Street, 120 
Sickness, mountain, 1155 
Sigmoid colon in newborn, 327, 382 
Significance of oxidation, Warburg’s 
view, 552 
Simon, works of, 118, 131 
Simon-Binet scale for determining 
child’s capacity for education, 1008 
Simultaneous action of many factors in 
genetics, 207 
Sinuses, cranial, and meninges in new- 
born, 420 
ethmoidal, in newborn, 341 
frontal, in newborn, 339 
maxillary, in newborn, 338 
paranasal, in newborn, 335 
sphenoidal, in newborn, 339 
Sixteenth and seventeenth centuries, 
infant mortality in, 60 
century, medicine in, iv 
Skeletal abnormalities in human inheri- 
tance, 232 
Skeleton and body-weight, proportions 
between 259 
bones of, at birth, 258 
at puberty, 258, 259 
at third decade, 259 
differences in rates of bone formation 
in, 259 
facial, growth of, 265 
general remarks, 258 
human, centers of ossification and 
pe bones in, at different ages, 
of crane a thoracic wall of newborn, 
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Skeleton of extremities, number of 
bones of, 259 
‘of foot as whole, development of, 298 
Skin, abnormalities of , in human inheri- 
tance, 235 
color in human inheritance, 228 
diseases, climatotherapy in, 1177 
Skull, 262 
anatomy of, 262 
at birth, 262 
flat bones of, in infancy, 261 
growth of bones of, 259 
post-natal development of, 263 
periods of, 265 
Slayve-nurses in Hellas, 34, 35 
Slavery, selling children into, edicts 
against, in Middle Ages, 55, 56 
Sleep for older children, 1151 
of infant, 1150 
position during, 1151 
restlessness during, 1150 
of school children, importance of, 
1027 
need of, according to age, 1028 
quantity and quality of, 1028 
Sleeping metabolism of four infants, 628 
Sling psychrometer, 1097 
Small intestine. See J ntestine, small. 
Smallpox, literature of, 79 
table of data of incubation, symp- 
toms, length of quarantine, etc., 896 
Smith, i 
Smith, Job Lewis, works of, 105 
Smith-Hughes Bill, 869 
Snow and rain, 1154 
Soap excretion, average, to average 
calcium excretion, relation of, 772 
insoluble, influence of carbohydrate 
on production of, 767 
Social activities for school children, 
1026 


and ethnic status of child, 2 
dancing, 1075 
instincts, 980 ; 
preventive pediatrics, in twentieth 
century, 130 
Societies, pediatric, 123 
Sodium, elimination of, effect of fat on, 
782 
nucleinate, influence on purin metab- 
olism of eight months infant, 817 
utilization of, 780, 781 
Sokoloff, works of, 99 
Solis-Cohn, vii 
Soltmann, ix 
‘works of, 95 
Solution, aqueous, 847 
colloid, 847 
density of, 848 
true, 847 
Soma, relation of germ plasm to, 
Weismann’s theory of, 184 
relation of, to germ plasm, 184. 
Soranus, care of child under rules of, 14 
gynecologic treatise of, 44 
of Ephesus, ii 
Vou. I—78 


Sore throat, acute septic, table of data 
of incubation, Symptoms, length of 
quarantine, ete., 896 

Sources of animal heat, proof of, 529 

South, lower, climate of, 1161 
upper, climate of, 1161 

Southern California, climate of, 1164 

Southwest, arid, climate of, 1164. 

Soxhlet, 140 
works of, 132 

Spach, iv 

Spain and Portugal, Atlantic coast of, 

climate of, 1166 
climate of, 1167 
infant welfare in, 162 

Sparta, children of, care of, 35 

Spastic speech, 975 

Special sense, organs of, in newborn, 415 

Speech, disorders of, 975 

general etiology, 976 
mechanical, 975 
nervous and mechanical, 975 
functional, 975 
organic, 975 
treatment, 976 
of phonetic defects, 976 
hasty, 975 
indistinct blurred, 975 
panic, 976 
scanning, 975 
spastic, 975 
Spelling, hygiene of, 1052 
drill in, 1053 
Lay’s experiment in, 1053 

Spermatic cord and scrotum in new- 
born, 364 

Spermatogonia in testes of newborn, 
358 


Speyer school, method of, for teaching 
hygiene, 1029 

Sphenoid, post-natal development of, 
270 


Sphenoidal sinus in newborn, 339 
Spinal caries, paralysis from, 80 
column. See Vertebral column. 
cord in newborn, 420 
deformities in school children, 970 
Spine, curvature of, left dorsal, 970 
growth of bones of, 259 
lateral curvature of, 970 
tuberculosis of, cardinal symptoms, 
970 


Spleen, accessory, 408 
belly, 26 
in newborn, 406 
Splenic flexure in newborn, 327 
Split system of heating schools, 1103 _ 
Spotting, piebald, in human inheri- 
tance, 225 
white, in human inheritance, 225 
Spring resorts in seasonal climatother- 
apy, 1170 
Squinantia, 33 
Staehlin and Mohr, vi 
Stain, green, on teeth, 955 


| Staleness, 1069 


1234 


Stammering, 976 
Starr, Allan, x 
Starr, Lovie ve 
works of, 1 
State Board of ” Health, 871 
divisions of, 871 
powers and duties of, 871 
Stature and weight, ratio of, to bodily 
surface, 510 
variability of, influence of environ- 
ment on, 507 
in human inheritance, 226 
increase in, 506 
of British and American children, 502 
of children of various races, 503 


relation of, to basal metabolism in 


newborn, 602 
Status of child, elevated by christianity, 
a 


ethnic and social, 2 
in folk-medicine, 8 
Steam heat for schools, 1102 
Steapsin, 731 
Stecher’s schedule of competitive events 
for after school physical education 
activities, 1077 
Stedman, vu 
Steffard-Tourer Bill, 164 
Steffen, vi 
work of, 94 
Steiner, vi 
works of, 96 
Stenosis, pyloric, congenital, 80 
Stephanus, iv 
Sternum at birth, 281 
Still, works of, 103 
Stillborn infant, lungs of, 349 
Still’s disease, 103 
Stintzing and Penzoldt, vi 
St. Lawrence Valley, climate of, 1159 
St. Louis Open-air School for cripples, 
1186 
nee adult type, when acquired, 
02 


anatomy of, 308 
capacity of, 312 
anatomic, 313 
method of estimating, 312 
physiologic, 314 
method of estimating, 312 
contractions of, causing hunger sensa- 
tions, 696 
evacuation of, 698 
character of food in, 699 
in adult, 703 
individuality in, 699 
influence of body posture on, 700 
stratification of food in, 701 
time of, 698, 700 
finer structure of, 315 
form of, 308, 309 
hunger contractions of, method of re- 
cording, 696 
lining gastric epithelium of, 315 
lipase, 722 
lymph-nodules in, of newborn, 317 


INDEX 


Stomach, movements of, 695 
musculature of, in newborn, 317 
of fetus, gastrin in, 710 

lipase in, 710 
pepsin in, 710 
rennin in, 710 
of infant, acidity of, external factors 
in 
hydrogen-ion concentration in, 
a 


reaction after feeding, 713 
peristalsis in, 701 
position of, 3011, 312 
shape of, 698 
Stools, reaction of, in infancy, 782 
Stove, jacketed, for schools, 1099 
Strain, muscular, 1069 
Strength of grip, determination of, 944 
Streptococcus carriers, 902 
hemolyticus in tonsil crypts, 902 
where found in carrier, 901 
Structures involved in physical exercise, 
1066 
Striive, writings of, 79 
Study chair, New York, 1088 
Stump of cord, hemorrhage from, 1139 
Stuttering, 975 
St. Vincent de Paul, 119 
work of, among foundlings, 70 
Substance and energy, distinction be- 
tween, 520 
metabolism, 693 
Substrates of growth, 456 
Sucking, act of, 295, 296 
apparatus, 82 


Suction and swallowing, elicitation of 
reflexes involved in, 695 
mechanics of, 694 
Sudan ITI, experiments with, 174 
Sugar, effect of, on respiratory quotient 
of newborn, 582 
eu” ethereal, in urine of infant, 


inorganic, in urine of infant, 820 
Sulphur and nitrogen fractions in urine 
or ee on high and low protein, 


distribution of, in urine of infants and 
children, 818 
in urine of. infant, forms of, 819 
influence of protein on, 820 
neutral, in urine of infant, 821 
retention of, influenced by carbohy- 
drate, 819 
utilization of, 780, 781 
Sumer eer Acead, history of pediatrics 
in 
secular history, 16 
Summer eolony schools, 1122 
etl in seasonal climatotherapy, 
schools, 1120 
Sunshine and cloudiness, 1154 


wee ee 
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Sun-stroke, 1153 
Superior extremity, bones of, develop- 
ment of, 281 
labial tubercle, 296 
Superstitions and practices in care of 
child in Hellas, 36 
ane childbirth in Israel, 


Supporters, arch, commercial, 974 
hose, for gymnasium, 1084 
Suppression of bile, effect upon fat in 
stools, 768 
Suprarenal cortex, accessory masses of, 
in. newborn, 376 
glands in newborn, 374. 
dimensions of, 375 
size and weight, 374 
topography of, 376 
Surface area as a measure of metabo- 
lism, 600 
law of, 540 
measurement of, 541 
versus weight as measure of metab- 
olism, 640 
tension, definition, 848 
Surgery, infantile, first treatise on, 65 
treatises on, 113 
Suspension colloids, 847 
Suspensoids, 847 
Susruta, i 
Susruta Samhita, pediatrics in, 24. 
Sutura mendosa, 270 
notha, 272 
Swallowing and suction, elicitation of 
reflexes involved in, 695 
mechanics of, 694 
Swaying movement of small intestine, 
705 


Sweden and Norway, climate of, 1166 
infant welfare in, 162 
modes of prevention of infant mor- 
tality in, 160 
Swedish system of gymnastics, 1080 
apparatus for, 1082 
bases of, 1081 
Swimming, 1075 
exercises for school children, value of, 
1120 
pools for schools, 1113 
agents for filtration of, 1117 
caletum hypochlorite for purifi- 
cation of, 1117, 1118 
cleaning, 1115 
disinfection of, 1115 
effect of treating filter with hypo- 
3 chlorite, 1116 
filtration of water, importance 
of, 1115, 1116 
hygiene of, 1115 
light for, 1113, 1114 
organisms found in water, 1116 
ozone in purification of, 1117 
preparation of pupils for enter- 


sterilizer for bathing suits, 1114 


Swimming pools for schools, sum- 
mary of basic principles for 
pools and swimmers, 1119 
ultra-violet light for purification 
‘ of, 1118 
Sylvius, writings of, 74 
Symbol or word types of imagery, 992 
Syndactylism, hereditary, 232 
Synthesis of proteins, 788 
Syphilis, effect of, on fetus, 1135 
hereditary, 174 
in Renaissance period, 66 
Systems of Medicine, vi, i, vii 
of Pediatrics, vii 


TABARDILLO, 66 
Taboo practices, 3 
Tenia, 39 
of cecum, 323 
Taking cold after exercise, 1070 
Talbot, 144 
Talents and special traits in human in- 
heritance, 241 
Talmud, medicine in, 27, 29, 33 
Tarnier, 147 
Tarsus, ossification centers of, 290 
Tartar, 955 
Taste buds, 297 
Teachers, school, functions of, 876 
Teaching of hygiene, 1028 
and safety by department of 
Public Instruction, Trenton, 
New Jersey, 1030 
method of Speyer school, 1029 
New Jersey system, 1030 
of sex hygiene, 1034. See also Sex 
hygiene, teaching of. 
Teat, artificial, 66 
Teeth, 954 
alveolar abscesses of, 955 
anatomy of, 299 
bacterial plague on, 955 
calcification of, 298, 300. . 
carious process of, 955 
deciduous, 299 
decalcification of, 298, 300 
shedding of, 300 
defective, results of, 956 
defects in human inheritance, 229 
disorders of, diagnosis of, 957 
etiology, 95 
treatment, 958 
eroded, 955 
eruption of, 300 
green stain on, 955 
Hutchinson’s, 955 
irregularities of, 955 
malocclusion of, 955, 956 
milk, eruption of, 511, 512 
molars, 299 
overcrowding of, 955 
permanent, 299 
eruption of, 300, 301, 512 
pyorrhea of, 955 
tartar on, 955 
Tekonymy, 3 
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Temperature, body, 524 
after death, 528 
and basal metabolism, 608 
excessive loss of heat in, 527 
increase in, 528 : 
influence of, on metabolism of 
infant, 657 
regulation of, 544 
temporary changes in, 526 
variations of, between persons of 
different ages, 526 
diurnal variations in, cause of, 525 
external, and food, influence of, on 
basal metabolism, 609 ; 
influence of, on heat production 
in warm-blooded animals, 538 
on metabolism of infant, 653 
in climatotherapy, 1152 
indifferent, 1152, 1153 
of fetus, 526 
of nursery, 1146 
of schoolroom, 1096 : 
rectal, of infants during first eight 
days after birth, 527 F 
significance of, in children returning 
to school after absence, 899 
Temperatures, different, heat radiation 
from infant’s body at, 654 
Temporal bone in newborn, 423 
Tendencies, four fundamental biologi- 
eal, 1003 
Tendo achilles, shortened, to test for, 
973 
Tenon, 119 
Tension, surface, definition, 848 
Testaments, Old and New, medicine 
in, 27, 33 
Testes in newborn, 358 
descent of, 359 
tubules of, 358 
weight of, 358 
Tetanus in children, 44 
Tethelin, 463 
Tetrabiblion, 49 ' 
Theory of mutations, De Vries’, 188 
Therapeutic and diagnostic devices, 
history of, 112 
Thermal system and exercise, 1069 
Thermodynamics, 850 
Thermo-electric calorimeter of D’Ar- 
sonval, 631, 632 
Thinking, imaginative, 992 
Third growth-cycle, degeneration of 
thymus in, 513 
or adolescent growth-cycle, 499 
Thomson, works of, 105 
Thoracic index, 280 
wall, anterior, of newborn, skeleton 
of, 351 
Thorax, anatomy of, 280 
as a whole in newborn, 280 
bones of, growth of, 259 
ossification of bones of, 281 
Thorndike’s analysis of inherited ten- 
dencies of man, 981 
Thought, higher, processes, 997 
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Throat, sore, acute septic, table of 
data of incubation, symptoms, length 
of quarantine, etc., 896 

Thursfield, Garrod and Batten, x 

Thymic asthma, 80 

Thymus, changes in form and relations 

of, in neonatal period, 413 
degeneration of, in third growth- 
cycle, 513 
in newborn, 408 
dimensions of, 410 
forms of, 410 
histological picture, 414 
post-natal growth and involution 
of, 409 
relations of, 412 
weight of, 408 
weight of, at various ages, 513 
Thyreoglobulin, 962 
Thyroid gland, 961 
condition of, as affecting basal 
metabolism, 964 
disturbances of, etiology of, 962 
in newborn, 372 
dimensions of, 373 
weight of, 372 
iodine-containing protein of, 962 

Thyroidin, 962 

Thyroiditis, 963 

Thyroxin, 962 

Tibia, epiphyses of, 288 
ossification of, 288, 289 

Tight lacing as cause of injury to fetus, 


Time, leisure, influence of, on child, 1018 
Time-relations of growth, 499 
Tissot, respiratory method of, for 
determining energy metabolism of 
newborn, 571 
Tobias, v 
work of, v 3: 
Tobler, 139 a 
Toe, great, sesamoid bones of, 293 
Toilet articles for nursery, 1148 
Toilets for schools, 1089 
in country, 1089 
out-door, types of, 1090 
standardized number, 1089 
structure of, 1089 
Tongue, anatomy of, 295, 297 
Tongue-tie, 975 
Tonsils as lodgment place of strepto- 
cocci, 902 
palatine, 305 
location of, 305 
weight of, 307 
microbes in, 961 
pharyngeal, 304 
Toothache, 955 
differentiation of, when it concerns 
pulp, 957 wen 
Tooth-brush drills, 958, 95 
Tooth-germs, 271 
Torus tubarius, 304 
Toxic adenoma, 963 
goiter, 963 
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eae of goiter, tests for estimating, 
errr dimensions of, in childhood, 


in newborn, 344. 
bifurcation of, 346 
compressibility of, 345 
length of, 344. 
relation to sternum, 348 
upper limit of, 345 
walls of, 344 
Training, manual, in schools, 1060 
Traite des Maladies des Enfants, vii 
Traits and talents, special, in human 
inheritance, 241 
Transactions and Periodicals devoted to 
pediatrics exclusively, 125 
Transmission, heredity and, distinction 
between, 173 
Transmitted substances, definition, 173 
Transverse colon in newborn, 326 
Traveling open-air schools, 1123 
Treatise, gynecologic, of Soranus, 44 
on acute and chronic diseases by 
Aretzus, 44 
on Airs, Waters and Places, 39 
surgical, of Abucasis, 55 
Triple .allelomorphs, in mendelism, 194 
Trousseau, works of, 99 
Truancy, 1017 
True solution, 847 
Trunk, superficial musculature of, new- 
born, 294 
Trypsin, 728 
digestion of protein by, 729 
Trypsinogen, 728, 729 
Tubercle, superior labial, 296 
Tuberculosis, climatotherapy in, 1178 
in infancy and childhood, x 
of spine, cardinal symptoms, 970 
pulmonary, climatotherapy in, 1179 
Tuberculous meningitis, 77, 80 
Tunica vaginalis and testes, descent of, 
359 
Twentieth century, bacteriology and 
serology in, 146 
history of pediatrics in, 130 
infant mortality and infant welfare 
in, 150 
practice of medicine, vii 
Tying and care of cord, 1139 
Tylosis, hereditary, 236 
Tyndall phenomenon, 847 
Type, suitable, for school readers, 1046, 
1047 
Typhoid fever carriers, 909 
management of, 910 
Typhus fever, 66 


Una, shaft of, ossification of, 283 
Ultra-violet light for purification of 
swimming pools, 1118 
Umbilical arteries in newborn, 391 
post-natal changes in, 391 
cord desiccation of, 405 
fascia, 403 
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Umbilical ring, 402 
vein in newborn, 392 
post-natal involution of, 393 
Umbilicus in newborn, 401 
blood supply of, 403 
fibrous skeleton of, 402 
lymphatic drainage of, 404 
peritoneum of, 403 
Unconditioned reflexes, 978 
Unconsciousness from excessive heat 
loss, 527 
Underwear, 1083 
Underweight of infant at time of wean- 
ing, 514 
Underwood, writings of, 78 
Unger, works of, 98 
Unit of heat energy, 850 
of quantity of light, 1110 
system of heating schools, 1103 
United States, beginnings of education 
in, 866 
infant welfare movement in, 162 
minimum standards for child labor 
for children in, 1026 
number of cripples in, 1181 
Upper South, climate of, 1161 
Urea in urine of infants and children, 
804 


most important end product of 
metabolism, 808 
nitrogen in feces of infant, 752 
urease method of Marshall for 
determining, 749 
Urease method of Marshall for deter- 
mining urea nitrogen in feces of infant, 
749 


Uremia as cause of loss of mother and 
fetus, 1135 
Ureters in newborn, 356 
Urethra and penis in newborn, 364 
female, in newborn, 370 
prostatic, in newborn, 362 
Uric acid, derivation of, 814 
in urine of infants, 816 
on breast and artificial feeding, 
817 . 


Urinary calculus, 39 
Urine, abnormalities of, hereditary, 233 
acetonemic, iron chloride reaction to, 
94 


calcium in, 771 _ 
examination of, in pregnancy, 1135 
incontinence of, Egyptian recipe for, 


of adults, sulphur and nitrogen frac- 
tions in, on high and low protein, 
804. 
of infant, amino-bodies in, 810 
ammonia in, 808 
ammonia-acid nitrogen in, 809 
and children, distribution of sul- 
phur in, 818 
nitrogen partition in, 804 
creatin in, 813 
czeatinin in, 811 
ethereal sulphates in, 820 
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Urine of infant, inorganic sulphates in, 
820 
neutral sulphur in, 821 
on breast and artificial feeding, uric 
acid and purin bodies in, 817 
other ash constituents in, 824 
phosphorus in, 823 
purin bases in, 818 
sulphur in, forms of, 819 
influence of protein on, 820 
uric acid in, 816 
of normal children above weaning 
age, nitrogen in, 805, 806 : 
retention of, in children, Egyptian 
recipes for, 14 
urea in, of infants and children, 804 
Uropoietic organs in newborn, 352 
Use of eyes in reading, 1042 
Uterus and tubes, inflammation, effect 
on fetus, 1135 
in newborn, 368 
cavity of, 369 
mucosa of, 369 
position of, 369 
malposition of, as cause of abortion 
in early months of pregnancy, 1134 
post-natal growth of, 369 
Utilization of ash constituents, 768 
of calcium, 772 
by infants on mother’s milk and 
cow’s milk, 773 
effect of fat on, 772 
of chlorine, 780, 781 
of fats, 754 
average, by infants fed on cow’s 
milk modifications, 760 
by normal breast-fed infants, 758 
calcium influencing, 762 
factors influencing, 762 
in children above one year, 760 
on mixed diet compared with 
infant’s on cow’s milk, 761 
influence of alimentary secretions 
on, 767 
of melting point on, 765 
of other foods on, 766 | 
kind of fat influencing, 765 
of food stuffs in normal infants and 
_older children, 744 
of iron, 779 
of magnesium, 775 
of other mineral elements, 780, 781 
of phosphorus, 776 
in infants on breast milk and cow’s 
milk, 777 
of potassium, 780, 781 
of proteins, 745 
of sodium, 780, 781 
of sulphur, 780, 781 
of total ash in breast-fed and bottle- 
fed infants, 770 
VACATION camps, 1121 
schools, 1120 
pe eanes and variolation, literature 
12) ’ 
Vacuum system for school ventilation, 
1105 


INDEX 


Vagina in newborn, 370 

Valleix, works of, 87 

Value of practitioner to science, 248 

Valve of Gerlach, 326 

Valves, ileo-cecal, 324 

Valvula processus vermiformis, 326 

Van Ingen, 163 

Van Slyke, nitrous acid method of, for 
determining free amino-acid nitrogen 
in feces of infants, 750 

van Sweten, writings of, 79 

Van’t Hoff’s law, 523 

Vapor heat for schools, 1101 384 

Variability, coefficient of, in statistical 
analysis of basal metabolism in 
newborn, 593 

Varize Lectiones, iv 

Varicella, 66, 80 

Variolation and vaccination, literature 
of, 79 

Variot, works of, 101 

Vascular system in newborn, 382 

Vasomotor tone, percentage scale of, 
950 : 

Vaughan, x 

Veda, i 

Veeder, 149 

Vegetable emetics, 10 

Vein, umbilical, in newborn, 392 

Venel, works of, 114 

Ventilation and heating of schools, 

1095. See also Schools, ventilation 


of. 
in home, 859 
of nursery, 1146 
Verbal concepts, 998 
Verbal-motor imagery, 992 
Vermiform process in newborn, length 
of, 325 
Vertebrxe, epiphyses of, 275 
post-natal growth of, 276 
Vertebral arch, 275 
column, anatomy, 273 
average length of, in newborn, 273 
development of cervical and lum- 
bar curves of, 275 
growth of, 273 
post-natal lineal growth of, 274 
relation of various segments of, to 
whole, in infant and adult, 274 
vertebra of, 275 
weight of, in newborn, 273 
ossification, 275 
Vesalius, v 
Viability of seven- and eight-months 
child, Hippocratic treatises on, 37 
Vienna ship of Rau, 82 
Vierordt, vii 
Villi of intestinal tract, 320 
Virchorr, work of, 116 
Virginia, Maryland and West Virginia, 
climate of, 1160 
baie of an emulsoid solution, 
Vision, field of, 995 
Visiting nurses, 163 
Visual imagery, 992 
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Vital capacity, norms of, 943 
index, 944 
Vitamins, 456, 459 
in foods, relative proportion of, 935 
requirements of child, 929, 934. 
Vocal cords in newborn, 343 
Voealization, inner, in reading, 1045 ' 
Vogel, works of, 93 
Voit and Pettenkofer’s open-circuit 
method for study of infant metabo- 
lism, 559 
Volition, 1003 
Volitional life, 986 
Voltaire, iv 
Vomiting of pregnancy, 1135 
von Heine, works of, 114 
von Mauthsteen, works of, 96 
von Pfaundler, 138 
von Pirquet, x, 1, 48 
von Pirquet’s new system of measur- 
ing food values, 932 
Pelidisi index as criterion of normal- 
ity in growth, 508 
von Plenk, writings of, 78 
von Rittershain, works of, 96 
von Rosenstein, writings oi, 75, 76 
von Ziemssen, vi 
Vorschule, 1122 


Wacr, minimum, for child labor in 
United States, 1027 
Walking expedition, 1074 
Walls, classroom, school, 1086 
Wandering impulse in human inheri- 
tance, 242 
Warburg’s view as to significance of oxi- 
dation, 552 
Warm-blooded animals, energy metabo- 
lism in general considerations of, 
522 
heat production in, influence of ex- 
ternal temperature on, 538 
Wartime, infant welfare in, 166 : 
Wash, mouth, for pneumonia carriers, 
904 
Washington and Oregon, climate of, 
165 


Washrooms, school, 1092 
Wassermann, 148 
Water, absorption of, in colon, 706 
hot, heat for schools, 1101 
in food requirements of child, 936 
loss of, in newborn, 613 
soluble B vitamin, 459 : 
in food requirements of child, 
Paget echoes. 1003 
supply, schools 
iat toe milk of wet-nurse, 45 
Watt, 1111 ; : 
Waves, anti-peristaltic, 704 
of growth, 446 ; 
Weaning of child in Israel, 133 
underweight of infant at time of, 514 
Weight and stature, variability of, in- 
fluence of environment on, 507 
average, of infant at birth, 473 


Weleth oy muscular percentage of, 


skeletal percentage of, 259 

growth in, 506 

loss in, of newborn, 612 

of heart at different ages, 946 

of thymus at various ages, 513 

of various organs, percentage of, as 
compared with body-weight, 512 

or ee ratio of, to bodily surface, 


post-natal loss of, in infants and com- 
pensatory over growth which suc- 
ceeds it, 492 

to oo increase in boys and girls, 


versus surface area as measure of 
metabolism, 640 
Weismann’s theory of relation between 
germ plasm and soma, 184 
Weiss’ technique of obtaining respira- 
tory quotient, 572 
Welfare, Babies’, Association, 164 
infant, and infant hygiene, period- 
icals devoted to, 129 
ae in twentieth century, 
1 


conferences on, 156 
in Holland, 162 
in Hungary, 162 
in New Zealand, 162 
in Spain, 162 
in Sweden, 162 
in wartime, 166 
legislation, 154 
movement in United States, 162 

maternal and infant, English legisla- 
tion bearing on, 160 

Wells, 865 

on inefficiency of modern society in 
handling sex questions of children 
and youth, 1041 

West, 120 

founder of Hospital for Sick Children 
in Great Ormond Street, 120 

Indies and Bermudas, climate of, 
1162 


Virginia, Maryland and Virginia, 
climate of, 1160 

works of, 89 
Western France, climate of, 1166 
Wet-nurse in India, 25 
Wet-nursing in Egypt, 15 

in Hellenistic Athens, 35 

in Islam, 52 

in Israel, 32 

in Middle Ages, 58 


law for protection of infant sent out 
for, 154 
Wharton, jelly of, 403 
Whipping, 1014 
White blaze in human inheritance, 
225 


spotting in human inheritance, 225 
Whooping-cough, 66 
climatotherapy in, 1175 
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Whooping-cough, table of data of 
incubation, symptoms, length of 
quarantine, etc., 896 

Whytt, writings of, 77 

Widal test in typhoid fever carriers, 909 

Widener Memorial School for Crippled 

Children, 1181 

Widerhofer and Kundrath, viii 

Widerhofer, works of, 96 

Winds, 1154 

Winter resorts in seasonal climatother- 

apy, 1169 

Wisdom teeth, 300 

Witcheraft, 9 

Witches’ milk, 372 

Wolf, iv 

Women and children, treatment in 

Assyro-Babylonian civilization, 19 

Word or symbol types of imagery, 992 

Wright, works of, 103 

Wrist, bones of, ossification of, 282 

Writing, hygiene of, 1049 
arm movement with rest in, 1050 
best type of movement in, 1050 
distance of copy from eyes, 1051 
Dr. Freeman on, 1051 
eye-strain in, 1051 
fatigue in, 1052 


INDEX 


Writing, hygiene of, fundamental acces- 
sory muscle theory in, 1050 
materials in, 1050 

posture in, 1049 

proper sitting position in, 1049 

requirements in, 1049 

size of letters, 1051 

slant in, 1051 

spacing of lines, 1051 

speed in, 1052 


| Wirtz, writings of, 65 


Wygant, method of, for teaching repro- 
duction to children, 1039 


XENODOCHION, 57 

Xerophthalmia, 459 

X-ray in diagnosis of alveolar abscesses, 
957 


Y chromosome, 200 
Yelp6, works of, 99 


ZEDLER, 1V 

Zenker, vi 

Ziehen, Cramer and Bruns, ix ~ 
Zuckerkandl, organs of, in newborn, 377 
Zweifel, works of, 132 

Zygote, 190 
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